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Preface 


The scope of emergency surgeiy, or rather urgent surgery, has within 
the past few years become so wide that most monographs on this sub- 
ject published only a decade ago have become inadequate. 

It should be borne in mind that some years ago what was referred to 
as emergency surgery was limited to accidents principally traumatic in 
nature with the addition of threatened suffocation through the lodge- 
ment of a foreign body in the trachea. Monographs on this typo of 
surgery were by no means prepared for experienced surgeons but rather 
as a guide for general practitioners thrown upon their own resources at 
places far from hospital facilities. Gradually, with the development of 
diagnostic technics, there was added an important chapter on the rup- 
ture of such viscera as the appendix, the gall bladder, the stomach, the 
duodenum and the fallopian tube. Intestinal obstruction, too, was in- 
cluded as a condition calling for emergency intervention by surgical op- 
eration. 

Subsequently, many problems of importance in the earlier days of 
emergency surgery had to be reevaluated, because the elements of time 
and space were overcome by the extensive development of transporta- 
tion. Today most rural districts command the facilities afforded by well- 
equipped hospitals staffed by competent surgeons within comparatively 
easy reach, so that procrastination in conditions requiring prompt opera- 
tion is no longer excusable. This factor alone justifies the abolition of the 
term emergency surgery and the substitution of urgent surgery, which 
designation we have adopted for this book. In other words, while for- 
merly the word “emergency" implied the necessity for intervention 
within minutes or hours, we must now take into consideration such 
cases in which operation becomes imperative within a few days, if life or 
health is to be preserved. 

We hardly deem it necessary to apologize for the introduction of brief 
historical reviews in some of the sections of this book in order to eluci- 
date the development of our knowledge of the problems under considera- 
tion. Discussions of surgical anatomy are regarded as essential, because, 
in the type of cases requiring immediate or almost immediate interven- 
tion, the normal anatomic landmarks are often distorted to an even 
greater degree than is encountered in elective operations. This fact sug- 
gested the usefulness of comparing the operative technic under more or 
less controlled situations, that is to say, under more or less familiar 
pathologic conditions, with the technic to be employed under urgencies. 
It is self-evident that one mastering the technic of elective surgery will 
not find himself lost when confronted by the deviations and aberrations 
incident to conditions of an urgent nature. 
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The present work has been prepared by surgeons recognized as au- 
thoritative in their respective fields, both in the United States and 
abroad. 

It is with deep regret that we announce that three of our collaborators 
have died: Professor Bosh Arana of Buenos Aires, Dr. George de Tar- 
nowsky of the University of Illinois, and Dr. Joseph Beck of the Univer- 
sity of Illinois. The chapters contributed by these three distinguished 
specialists surgeons have, however, been brought up to date. 

The illustrations are mostly original ones, and have been executed in 
this country under the able supervision of Mr. Tom Jones, Professor of 
Medical Illustration at the University of Illinois. To him, as to his asso- 
ciates, Miss B. Abrahamson, Mi«s R. Colemnn, Miss J. Lorenz, Mis*, 
M. McConnel and Miss J. Morgan we express our sincere indebtedness 
for their artistry. Some of the illustrations have been provided by 
Messrs. M. Landsberg, M. Szabo and Hunter to whom thanks are due. 

Our appreciation is also expressed to Miss E. Salmonsen of the John 
Crerar Library, for the preparation of the subject and the authors' in- 
dices. 

Acknowledgment is due the distinguished contributors for the 
painstaking preparation of their various chapters. Indebtedness is ex- 
pressed to my good friend and colleague, Brigadier General Gustavo** 
M. Blech, for many suggestions. Last but not least, I gratefully ac- 
knowledge the helpful cooperation of Mr. Charles C Thomas, the pub- 
lisher, during the preparation of the work. 

Julius L. Siovack 

Chicago, Illinois 
May, 1940 



Contents 


Preface. . vii 

CHAPTER 

I. Intravenous Infusion. Blood Transfusion. By Julius L. 
Spivacf: 3 

II. Shock. Hemorrhage. Septicemia. Gas Gangrene. By 
George de Tarnowsky. Revised by Julius L. Spivacf: 41 

III. Anesthesia in Urgent Surgery. By A. M. Dogliolti G2 

IY. Electrosurgery. By Guslavus Af. Blech 85 

V. Laparotomy. By Julius L. Spivack 01 

VI. Urgent Surgery of the Stomach and Duodenum. By Julius 

L. Spivack 117 

VII. Congenital Pyloric Stenosis. By Julius L. Spivacf: 217 

VIII. Gastrostomy. By Julius L. Spivack 22S 

IX. The Pancreas. By Warren H. Cole 244 

X. Urgent Surgery of Liver and Bile Ducts. By B. 0. 

Pribram 2G8 

XI. Urgent Surgery of the Spleen. By Julius L. Spivack 432 

XII. Appendicitis. By Julius L. Spivack 4G2 

XIII. Intestinal Obstruction. By John R. Paine 510 

XIV. Urgent Intestinal Surgery in Infants. By Julius L. Spivack 570 

XV. Occlusion of the Mesenteric Vessels. By Julius L. Spivack GOO 

XVI. Urgent Surgery of the Colon. By Julius L. Spivack G20 

XVII. Perforative Peritonitis. By Elpidio Stincer G45 

XVIII. Non-perforative Peritonitis. By Julius L. Spivack 671 

Name Index . . 677 

Subject Index 682 



Volume 1 

URGENT SURGERY 



Chapter I 

Intravenous Infusion. Blood Transfusion 

By Julius L. Spivack 

INTRAVENOUS INFUSION (VENOCLYSIS) 
Definition. The term venoclysis is derived from the Latin word 
vena, a vein, and the Greek word xXfoir, an injection, and signifies the 
introduction of fluid into a vein. If the amount introduced is small, it 
is spoken of as an injection for which usually a syringe is used. If the 
amount is greater than contained in a syringe, we speak of an infusion. 
In the latter case the fluid is allowed to run into the vein by force of 
gravity. 

HISTORICAL. The idea of introducing drugs into the veins came about the 
same time as the idea of blood transfusion; indeed, in many cases the same men 
who were interested in one became pioneers in the other. Christopher Wren, of 
Oxford, the famous architect of St. Paul’s Cathedral in London, was probably 
the first who, in 1650, injected drugs into the veins of dogs. The first injection 
of drugs into the vein of a man was done by the French physician Colladon in 
1657. Owing to supposed hazards connected with such an undertaking, he tried 
it on a criminal condemned to be hanged. Wren, in 1G62, injected vinum emet- 
icum into the vein of a man. Timothy Clark, in 1663, presented a paper before 
the Royal Society in London on the subject of intravenous injection of drugs 
into animals. Among the drugs used were emetics, cathartics, diuretics, cardi- 
acs and opiates; the results were rather inconclusive. lie, therefore, doubted 
the usefulness of intravenous medication. Some untoward accidents occurred, 
such as fever, infection and emboli and the method fell into disrepute and was 
used only sporadically in the seventeenth and eighteenth centuries. Interest in 
this type of treatment was revived in the nineteenth century, when Latta, a 
Scotch physician, in 1831, introduced intravenous infusion of saline solution 
for the treatment of dehydration in asiatic cholera. After that intravenous in- 
fusion of saline solution was more frequently though not extensively used. It 
was only during World War I (1914-1918) that many fluids were extensively 
administered intravenously, mainly to combat shock. 

General Considerations. Introduction of fluids into veins is carried 
out for different purposes. It may be employed for the administration of 
drugs, which if introduced by other routes would either produce pain 
(if injected subcutaneously or intramuscularly) or lack a quick action 
(if introduced per mouth). In other cases, intravenous injections are 
used for diagnostic purposes, such as the determination of the function 
of the gallbladder, liver or kidneys. In a great number of cases a small 
amount of fluid is injected into a vein for a local, sclerosing action, as in 
the treatment of varicose veins. The greatest importance of intravenous 
infusion in surgery lies in its nutritional value. It is employed as a pre- 
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operative and postoperative measure and also to prevent and combat 
shock. 

Indications. Several objectives can be attained by employing intra- 
venous therapy: (1) Prevention of dehydration in the days after opera- 
tion when the intake of fluids is greatly diminished and the expenditure 
is increased due to fever which often follows any surgical procedure. 
(2) Introduction of a sufficient number of calories to provide bodily 
energy. (3) Replacement of organic or inorganic ingredients in the blood 
or tissues lost in some pathologic conditions, as sodium chlorides in the 
blood during intestinal obstruction, glycogen in the liver or in the 
muscles in wasting diseases. (4) As a therapeutic measure by introducing 
hypertonic solutions in conditions in which dehydration of tissues is 
aimed as, for example, in cases of edema of the brain, or to increase the 
function of the kidnc 3 r s in nnurin or oliguria. 

Dehydration is probably the most frequent indication for the intra- 
venous infusion of fluids. It occurs through abstaining from fluids, 
through excessive loss of water as the result of persistent vomiting, diar- 
rhea, increased sweating, or excretion of large amounts of urine as ob- 
served in prostatic obstruction. Under normal conditions an adult of 
average size loses about 2,400 cc. of water daily. This takes place mainly 
through the excretion of urine in which about 1,500 cc. is lost, through 
perspiration in wliich about 450 cc. is lost, through respiration in which 
about 300 cc. is lost, and through the evacuation of feces wliich causes a 
Io«s of 350 cc. Whichever the cause of dehydration, it affects the body 
in several ways. There is a loss of weight incurred through the reduction 
of tissue fluids and disturbance of the acid base equilibrium which 
usually leads to acidosis. This latter is chiefly due to slowing of renal 
function with reduced excretion of urine and retention of acids. Another 
effect is an increase in non-protein nitrogen in the blood and elevation of 
the temperature as a result of The diminution of circulating fluids. I’or 
all these reasons the correction of dehydration is imperative. 

Solutions Used in Intravenous Infusions. Two kinds of fluids arc 
u«ed in the vast majority of cases, namely, normal salt solution and 
glucose dissolved cither in distilled water or in normal salt solution. 
While in former years normal salt solution was used more often than 
glucose, this is not the case now. As a matter of fact, there is probably 
a preponderance of the employment of glucose over that of normal salt 
solution. 

Normal salt solution contains about 8.5 gm. of sodium chloride in 
1,000 cc. of distilled water. As the normal intake of sodium chloride 
should range between 6 and 10 gm. daily, infusion of 1,000 cc. of normal 
salt solution will satisfy the body’s daily needs. If a larger amount of 
normal salt solution is given, an excessive quantity of sodium chloride 
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tissues; the increased amount of salt will draw fluid, thus producing 
edema of the tissues. Under ordinary circumstances when we give 2,000 
to 3,000 cc. of normal salt solution dailj' as a postoperative measure for 
two or three days, one hardly will observe edema; but if normal salt is 
given for a longer period, edema will occur. This usually is observed on 
the back and not in the extremities. If that takes place, administration 
of normal salt should be replaced by injection of 5 per cent glucose dis- 
solved in distilled water because it effectively eliminates the retained 
fluids from the tissues. Normal salt solution i? specifically indicated in 
illnesses in which sodium chloride is lost, as in high intestinal obstruc- 
tion, and in other disorders characterized by prolonged vomiting. It is 
also advisable to give salt solution in preference to glucose in case of 
dehydration because it retains the fluids in the tissues. 

Solution of Glucose. Solutions of glucose arc used in two strengths — 5 
and 10 per cent. Some use the former strength for subcutaneous and the 
latter for intravenous injections. In cither strength glucose yields defi- 
nite caloric values and does not produce edema of the tissues r even if it 
is introduced in great quantities. The importance of employing glucose 
solution lies not only in its food value but also in its ability to prevent 
ketosis. It must be remembered that when the intake of food is dimin- 
ished, energy is derived from the decomposition of glycogen; and when 
this ceases, the fat becomes the source of energy and when fat is incom- 
pletely oxidized, ketosis ensues. Glucose prevents the rapid utilization 
of the storaged glycogen and thereby also ketosis. 

Hypertonic solutions of glucose (from 25 to 50 per cent) have only a 
limited application. They are used in some cases of anuria or oliguria 
to draw the fluids from the edematous tissues into the blood stream with 
the aim of being eliminated by the kidneys. 

Acacia. This is usually given in norma! salt solution at a strength of G 
per cent. The amount given in one sitting is about 500 to 600 cc. Owing 
to its osmotic pressure, acacia has a tendency to stay in the blood ves- 
sels, thus retaining the fluid volume and the blood pressure, while glucose 
or normal salt solution injected into the veins leaves them rapidly. 
Therefore, in shock it is by far more efficacious than glucose or normal 
salt solutions. However, acacia is inferior to plasma or blood; and since 
plasma is a simple and safe procedure, acacia is not used much now. It 
may retain its place only for two reasons : it is much cheaper than plasma 
and the latter may not always be available. There is, however, one group 
of conditions in which the usefulness of acacia is great and that is in 
hypoproteinemia with severe edema. Acacia is a good diuretic and 
diminishes the edema. 

Sodium bicarbonate in 5 per cent solution is given to combat acidosis 
occurring in diabetes, renal insufficiency or occasionally after the ad- 
ministration of large doses of sulfa drugs. The amount given varies from 
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300 to 500 cc. One has to bear in mind that the injection of even one 
dose of sodium bicarbonate solution may change acidosis into alkalosis 
(as can be ascertained by determining the carbon dioxide combining 
power which normally ranges from 55 to 80 cc. per 100 cc.). Therefore, 
a second injection of sodium bicarbonate must never be given until the 
combining power of carbon dioxide in tlic blood has been determined. 

Hartmann’s solution is occasionally given in case of acidosis. It acts 
analogously to sodium bicarbonate solution but more slowly. Ordinarily 
in acidosis quick action is desirable, therefore, sodium bicarbonate is 
preferable. 

The amount of fluid infused varies, depending upon the degree of 
dehydration, the amount of food taken postoperative!}' by mouth, the 
temperature and the humidity of the room, whether the patient has 
fever, the character of the disease, etc. However, in ordinary cases when 
fluid is given as a postoperative measure, 2,000 cc. of normal solution or 
glucose is sufficient. However, in order to be more exact in balancing the 
intake and the output, one has to multiply the volume of excreted urine 
for twenty-four hours by one and four-fifths and give such amount of 
fluid intravenously. 

The rate of injection should be 50 to 75 drops per minute. As fluid 
usually leaves the vascular tree very soon, such an amount is safe and 
docs not overload the heart. If the patient has myocardial damage, the 
rate should be watched; if the patient has substernal pain, a sensation 
of pressure in the chest or dyspnea, the infusion should be discontinued 
at once and resumed a few hours later at half the speed given before. 

Contraindications. Contraindications arc very few. Continuous 
intravenous infusion is contraindicated in pulmonary congestion, failing 
heart, as manifested by a fast and irregular pulse and drop of the blood 
pressure, and in marked hypertension. 

Dangers and Complications. Among the dangers of continuous in- 
fusion is the possibility of overloading the heart by too rapid injection. 
The Infusion rate of 300 cc. per hour is safe because ordinarily the solu- 
tion, particularly saline, leaves the vascular tree soon after it is injected. 
If the patient has a feeling of oppression around the chest or dyspnea, 
the injection should be discontinued. There may arise few accidents due 
to faulty technic, such as breaking of the needle, entering the artery 
instead of the vein, air embolism, injuring a nearby nerve trunk; how- 
ever, these complications are very infrequent. The entering of an artery 
instead of a vein is a more frequent occurrence than is commonly be- 
lieved. Fortunately, no ill results occur; however, a few cases of arterial 
aneurysm or of arteriovenous aneurysm caused by this mi«hap have 
been reported. One has to be particularly careful not to enter an artery 
instead of a vein when using sclerosing solutions; there are reports of 
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occluding the artery with ensuing gangrene, when a sclerosing solution 
was injected into the artery instead of the vein. The most frequent com- 
plication is a pyrogenic action of a solution. Immediately after it is in- 
jected the patient's temperature rises and the pulse becomes accelerated. 
In most of the cases this is due either to contaminated fluid or to the 
tubing 1 ?, which probably were not clear of particles from previous in- 
jections. Sterilization alone cannot prevent such a reaction; it cannot be 
too strongly emphasized that all tubes be cleansed of every foreign 
particle remaining after each infusion. In order to overcome this objec- 
tion, tubes consisting of a flexible, transparent, 
plastic substance which is discarded after each in- 
jection have appeared on the market. This elimi- 
nates the most frequent cause of pyrogenic re- 
actions. 

Surgical Technic. The armamentarium for 
infusion consists of a funnel containing fluid and 
tube connected with a needle, which is inserted into 
a vein. This is the simplest type of equipment (Fig. 

1). There are more complicated types supplied 
with vacuum container in which the fluid is pro- 
tected against contamination. Vacuum containers 
arc by far superior to the simple type, because the 
solution is ready for use, sterile, perfectly protected 
against contamination, simple to keep in storage 
and to transport. At first glance it may seem that 
they are more difficult to handle, but after becom- 
ing familiar with them the technic is very simple. 

We use the infusion apparatus, manufactured by 
Baxter Laboratories, Glenview, 311. 

Although the accompanying illustrations are 
clear and the legends self-explanatory, it will not 
be amiss to give a brief description of the ap- 
paratus. It consists of a sealed jar, which contains 
sterile, pyrogen-freo normal salt or glucose sola- t 1 ,Q - }■ Simplc con - 

. . , . , , , . . ,,, - , tamer for venous m- 

tion, vacodnp, rubber tubing, and adapter for the fusion, 
needle and a needle. The sealed jar containing the 
fluid is known as vacoliter and is made in different sizes (Fig. 2). The 
fluid in the jar is under negative pressure, hence the name vacoliter. The 
jar is covered by a metal disc on which is written the name of the solu- 
tion in the vacoliter (Fig. 3); this cover also serves as a tamper-proof 
seal. This tamper-proof disc is broken by pulling the corrugated tab 
straight out and down (Fig. 4). Next, the outer cap is removed (Fig. 5) 
and the metal identification disc is lifted (Fig. 6) exposing the rubber disc 
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(Fig. 7). Two depressions are now seen in this thin rubber disc. This indi- 
cates that the vacuum is intact. If the depressions are absent, it indicates 
that the vacuum has been broken and the solution should not be used. 
Thus we see that the vacuum is used not only in order to make possible 
the sterilization of the contents without breaking the glass but it serves 



Fio. 2. Different «izch of vacohtera. 
(Courtesy of Baxter Laboratories, Glenview, Illinois) 


as a tamper-proof device. Next, the vacoliter is turned upside down for a 
moment (Fig. 8). This is done to moisten the hole in the stopper in order 
to facilitate the insertion of the va codrip (that is the cylindrical glass 
tube, which serves as a part of the connecting tubing) into one of the 
holes of the stopper. Now the rubber disc is removed (Fig. 9) and the 
stopper is thus exposed with two holes in it. A glass air tube passes 
through one of these holes; the other is the "free hole." Next, the end of 
the va co drip is inserted through this "free hole” into the vacoliter 
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(Fig. 10). After that the shut-off clamp located about six inches below 
the vacodrip is closed, the vacoliter turned upside down and suspended 
by means of attached band and bail. 

Due to the fact that air is present in the vacodrip no solution, or very 
little, will escape from the vacoliter into the vacodrip where it will oe- 



Fin. 10. Insertion of vacodrip into free liolc of stopper. 

cupy the lower portion. The tubing is now held above the solution level 
of the vacodrip. The solution is allowed to run through the vacodrip 
into the tubing by opening the clamp and immediately closing it tightly. 
(By momentarily opening the clamp, the air from the vacodrip and the 
tubing above the clamp is directed into the tubing below the clamp, thus 
allowing some solution to run from the vacoliter into the vacodrip and 
tubing.) 

The tubing above the clamp is now squeezed, forcing the air bubbles 
through the lower chamber of the vacodrip into its upper half. The 
lower portion of the vacodrip is thus filled with the solution while the 
upper half contains air. This air acts as a cushion, facilitating the regula- 
tion of the flow of fluid from the vacoliter into the lower portion of the 
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vacodrip and tubing after the screw clamp has been adjusted. The tubing 
end is held above the solution level of the vacodrip and the clamp is 
slightly opened until all of the tubing and the needle adapter are filled 
with solution (Fig. 11). The clamp is then closed. The needle is inserted 
into the vein as outlined below and the adapter is connected with the 



FlO. 11. Filling the vacodrip and infusion tubing. 
(Courtesy of Baxter Laboratories, Glenview, Illinois) 


needle. Some prefer to connect the adapter with the needle before in- 
serting the latter into the vein. 

The selection of a vein is limited to a very few places (Fig. 12). The 
most frequently used is the median cephalic or the median basilic in the 
cubital fossa (Fig. 13A) ; occasionally veins on the dorsum of the hand 
or the radial border of the wrist (Fig. 13B), the superficial temporal and 
the internal saphenous just anterior to the internal malleolus of the tibia 
(Fig. 14) are used. This latter is especially useful in children (Fig. 15). 
The choice is influenced not only by the size and accessibility of the vein 
but also by the length of time of the infusion. Thus, in an infusion lasting 
for hours, immobilization of the arm for infusion through the cubital 
fossa tires the patient, while infusions through a vein in the dorsum of 
the hand keep the patient comfortable. 



ion g oevei; u u was a tong oevei, je may penetrate ooin wans 01 me 
vein. It should be sharp because a blunt needle tears the wall of the vein. 



Fig. 12. Superficial veins used lor t cmpuncture. 

A. In a child. B. In adult. 

The patency of the lumen of the needle should always be tested before 
venipuncture is made. After a vein has been selected, the cuff of a 
sphygmomanometer is wrapped around the arm or the leg proximal to 
the selected vein and the pressure is raised to about 50 to 60 mm. mer- 
cury (slightly below the diastolic pressure). The skin is cleansed with an 
alcohol sponge. Some inject 1 cc. of 1 per cent of novocain solution sub- 
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cutaneously in order to render the procedure painless; however, we resari 
to it only in apprehensive patients. 

The solution is allowed to flow through the rubber tubing and thi 
needle so as to expel air. As soon as this is done, a clamp is placed on the 



Fia. 13. A. Superficial veins of the cubital fossa used for venipuncture. 
B. Superficial veins of the dorsal surface of the forearm and hand used for 
venipuncture. 


tube close to the needle. Next, the needle connected with the tube of the 
infusion apparatus by a glass intermediary which enables one to see 
whether it entered the vein, pierces the skin only, entering into sub- 
cutaneous tissue. It is not advisable to penetrate with the same motion 
through the skin and the vein as one is liable to pierce both walls of the 
vein or to enter it tangentially and incompletely. Since it is possible to 
injure the vein while entering the subcutaneous tissue, it is advisable to 
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Fio. 1G. Technic of venipuncture. A. Drawing the akin lateral from the vein. 
B. The point of the needle is in front of the vein. 


Fia. 17. Successive steps in en- 
tering a vein. A. The needle pene- 
trates the skin at 45 °. B. The nee- 
dle enters the vein. C. The needle 
forms an angle with the vein of 
about 10°. 
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move the skin over the vein slightly to the side and then to pierce the 
skin only (Fig. 1CA). After the needle enters the subcutaneous tissue, 
the skin is allowed to return to its original position, thus bringing the 
needle in the proper position to enter the vein (Fig. 16, B). The needle is 
now turned 45 degrees and pierces the anterior wall of the vein (Fig. 
17A); as soon as the needle enters the vein, its direction is changed so 



as to form with the vein an angle of 10 degrees (Fig. 17Ii, C). If the 
needle is well within the lumen of the vein, blood will run in a forceful 
stream; if, however, the blood only drops from the needle, the attempt 
was unsuccessful; the needle should then be withdrawn and reinserted 
at another point. After the needle is in the vein it should be fastened 
securely. A convenient method is to place a small pad of gauze between 
the needle and the skin in order to preserve the 10 degree angle (Fig. 
IS). This pad with the needle is fastened to the skin with a strip of ad- 
hesive; two other pieces of adhesive fasten the tubing to the skin, one 
clo^e to the needle and the other more proximal (Fig. 18). In a similar 
manner the needle and tubing are fastened on the foot (Fig. 19). 

There are cases when the vein is either too small or not visible because 
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it is covered with a layer of fat. Shock may collapse the vein so that in- 
sertion of the needle becomes extremely difficult. Under such circum- 
stances, one maj’ be forced to expose a vein by direction and introduce 
a cannula. The technic is described in the following section on blood 
transfusion. 


BLOOD TRANSFUSION 

Blood transfusion is one of the most fascinating chapters in medicine. 
Being known in a rudimentary stage from remote antiquity it made 
slow progress in the span of the millenniums, and it was not until the 
twentieth century that it became a well established procedure for a 
variety of conditions and also as an important adjuvant in preoperative 
and postoperative management, thereby contributing to the safety of 
the most complicated surgical procedures. 

HISTORICAL NOTE. Blood has been known as a valuable therapeutic agent 
since the remote antiquity. According to Pliny, the priests of ancient Egypt 
considered blood as a rejuvenating remedy and used it in a form of a bath. From 
them the knowledge passed to the ancient Hebrews, Greeks, and Romans. 
Pliny also described the drinking of the flowing blood of gladiators in the arena 
of the Romo circus “as if out of living cups” as a cure for epilepsy. However, 
even in those remote days there was some vague idea of a blood transfusion; 
this is evident from the writings of Ovid (43 B.C.-17 A.D.), who in his Hcroides 
attributes to Medea, famous sorceress of Colchis, the following: “Why do you 
hesitate now? Draw the swords and withdraw the old blood and replace the 
empty veins with the blood of the young.” 

In order to render blood transfusion a feasible procedure it was necessary to 
correct several fundamental misconceptions prevalent at that time, such as the 
origin and course of the blood, and also to learn some of its features, such as 
coagulation and methods of its prevention and also its immunologic and other 
biologic properties. 

The ancient physicians thought the arteries to be air carrying tubes. How- 
ever, Aristotle (384-322 B.C.) already considered the arteries to be blood carry- 
ing tubes,; but bn d'wl nut bnuv? the. difference between arteries and veins, con- 
sidered all of them as tubes carrying blood from the heart where it originated. 
He knew nothing about the return flow and his conception of it was something 
like that of a central pool of an irrigating garden, from which water runs to the 
periphery but never returns to its source. 

That the vessels were filled with blood and that their wounding produced 
hemorrhage w’as well known in the time of Claudius Galenus (131-201 A.D.) 
as is seen from his w’ritings: — “ . . . artcria quacunque vulneiata sanguinem 
egredi videmus” (“ . . . we see blood leaving the wounded artery”). Even after 
it was known that the blood is leaving the heart through the arteries, it was 
still obscure how the blood reaches from the right to the left chambers of the 
heart. It was thought for centuries that the blood penetrates through inter- 
auricular and interventricular septa and this view’ prevailed until the sixteenth 
century. At that time Andreas Vesalius (1514-1564) expressed his doubts as to 
the correctness of this conception. However, he could not offer any other ex- 
planation. This was done by Miguel Servetus 1 (1509-1553), who in 1553, 
show’ed that blood enters into the right auricle through both venae cavae, passes 
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from there to the right ventricle, thence goes through the pulmonary arteries, 
enters the vascular bed of the lungs, returns to the left auricle through pulmo- 
nary veins and from there to the left ventricle. Thus the pulmonary or the lesser 
circulation was discovered nearly three-quarters of a century before Harvey 
made his epochal discovery of the great or systemic circulation. 

It was left to William Harvey 3 (1578-1657) to provide the missing link and to 
show that the blood not only runs from the heart through the arteries to the 
periphery, which was at that time a common knowledge, but returns from the 
periphery to the right heart through veins, thus clearly establishing the entire 
cycle of the circulation. 

He made this discovery in 1616, lectured about it since 1619, and published 
his paper on this subject in 1628. 

It is onty natural that after the discovery of the circulation the idea should 
be originated of introducing medicines by the veins, thus giving birth to intra- 
\ enous medication. And that actually took place immediately after the dis- 
covery of Harvey. About the Bamc time more or less persistent attempts of 
blood transfusion were made. 

One of the earliest reports of blood transfusion from man to man is the often 
quoted case reported by Villari,* in which he states that the ailing Pope Inno- 
cent VIII received, in 1492, blood taken from three boys. All boys died but the 
blood did not restore the health of the pope who died soon afterward, 

A description of a blood transfusion from man to man in which the detailed 
technic was given is attributed to Andreas Libavius, 4 a chemist of Halle, who, 
in 1615, described what we now' call direct blood transfusion. His description 
causes one to think that if it were written in the first decade of the twentieth 
and not in the seventeenth century: 

Let there be a young man, robust, full of spirituous blood, and also an old man, thin, 
emaciated, his strength exhausted, hardly able to retain Jus own soul. Let the master 
have two silver tubes fitting into each other. Let him open the artery of the young 
man and put into it one of the tubes fastening it in. Let him immediately after open 
the artery of the old man, and put the female tube into it, and then the tubes being 
joined together, the hot and spirituous blood of the young man will pour into the old 
one, as if it were from a fountain of life, and all of his weakness will be dispelled. 

Blood transfusion was introduced nearly simultaneously in England nnd in 
France. They weie mostly transfusions from animal to animal, though in some 
cases it was from an animal to a human and in only rare cases from a human to 
a human At that time it was not much of a replacement therapy. It was done 
with the hope of changing physical and mental peculiarities of the transfused. 
The surgeons were interested whether an old man can become young after re- 
ceiving his blood, whether a ferocious animal will become tame if the former will 
receive the blood of a tame one, whether husband and wife incompatible in 
character will straighten their differences if they will be cross transfused, and 
so on. 

In England one of the earliest blood transfusions was performed by Richard 
Lower* on dogs in 1066, and from a Jamb to a man in 1667. Pepys 4 mentions in 
his diary one of these experiments. 

The transfusions made by Lower produced a great impression in England 
and they were done later under the auspices of the Royal Society of London. 

In France transfusions were started about the same time as in England, the 
first transfusion on a man being performed by Jean Baptiste Dennis, 3 in June 
1667, who used calf’s blood. However, these attempts met with a hostile reccp- 
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tion from the scientific world of France and very soon blood transfusions were 
forbidden there by law. 

In Italy the possibility of blood transfusion was mentioned as early as in 
1628 by Johannes Colie, Professor in Padua. Joh. Guilelraus Riva, physician to 
Pope Clemens IX, in 1C67, transfused in three cases blood of a Iamb to a man 
with good results. 

In Germany, Andreas Libavius described blood transfusion in 1615. 

Tlie complete ignorance pertaining to coagulation, immunology and incom- 
patibility of different blood groups were responsible for severe reactions occur- 
ring from time to time. That was the reason why this operation passed into 
oblivion at the end of the seventeenth century. 

The credit for revival of interest in this procedure belongs to James Blun- 
dell,* an English obstetrician, who has been confronted on several occasions 
with death of his patients due to postpartum hemorrhage. He suggested, in 
1818, to transfuse such patients. Out of ten patients so treated five survived. 
However, he was confronted with the same difficulties as the surgeons of the 
seventeenth century, namely, blood coagulation, infections and blood reactions 
due to agglutination and hemolysis. The works of Dumas, Dieffenbnch, 10 and 
Bischoff" in the first half of the nineteenth century concerning the prevention of 
coagulation of the blood bj' its defibrination removed one of the obstacles. 
Another method of preventing coagulation consisted in adding different chemi- 
cals until, finally, sodium citrate, introduced in 1914 by Hastin'* •** of Belgium 
and by Agote" of Buenos Aires, became the safest and most widely used antico- 
agulant. In the United States, Lcuisohn, 15 in 1915, and Weil, 1 * in the same year, 
independently of each other introduced this method. Recently, heparin was 
introduced as an anticoagulant. 

Among other methods preventing coagulation of the blood should be men- 
tioned the procedure of keeping the blood throughout in contact with the 
intima of the blood vessels. Owing to its technical difficulties this procedure is 
now discarded. Another method is to leave the blood outside of the blood vessels 
for a very short time so that there is no time for coagulation to take place. To 
this group belong multiple syringe method, 11 which may be used in a case of 
acute emergency, when no more elaborate apparatus is available, and all 
syringe valve methods. 

It was still necessary to overcome the most intricate difficulty, namely, the 
incompatibility of blood of different donors. 

That transfusion of blood was occasionally accompanied by fever, chills and 
collapse was known already in the seventeenth century. In trying to explain 
the reason for its occurrence, Cohnheim,'* in 1882, stated that transfusion of 
heterogenous blood is dangerous because the serum of the donor may be a direct 
poison to the corpuscles of the recipient. 

Landsteiner, 1 *- 20 in 1900, made a discovery which should be considered as 
the greatest single contribution in the development of blood transfusion. He 
showed the presence of isoagglutinating and isoagglutinable substances in the 
human blood. 

In the following year he demonstrated that the blood of an individual be- 
longs to one of three groups in respect to their agglutinating properties. De- 
Cast ello and Sturli, 21 in 1902, added a fourth group. Jansky, 12 in 1907, worked 
out the reciprocal agglutinating reactions of the four groups and classified them 
accordingly. Moss, 51 in 1910, working independently, offered his own classifica- 
tion. 
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These classifications eliminated the greatest danger of blood transfusion ami 
placed it on a safe basis. All that was left to do was to improve the technical 
aspect, to simplify it and thus to render it available for use by the rank and file 
of the profession. 

Inbications. The indications for blood transfusion are manifold. It is 
employed as a replacement material in hemorrhage so as to increase the 
volume; it may be emploj'ed in hemorrhagic states to increase the 
oxygen carrying capacity; its employment in case of shock, infectious 
diseases, intoxications is of great value. It may be u*ed to increase the 
protein concentration in the blood. For a surgeon its greatest value lies 
in the preoperative and postoperative management, which enhanced the 
patient’s safety for surgery and conserved many lives that otherwise 
would not survive operation. 

Here is a brief analysis of blood transfusion for each of the above 
mentioned conditions: 

Hemorrhage. In hemorrhage, whether due to trauma or to a surgical 
or obstetrical procedure, such as a ruptured uterus, ruptured tubal 
pregnancy, premature separation of the placenta, placenta previa, post- 
partum hemorrhage, transfusion may be a life saving procedure. In 
hemorrhage from the lungs or of the gastro-intestinal tract, blood trans- 
fusion is invaluable because it increases not only the volume of fluid in 
the vessels but also the oxygen carrying capacity of the blood and com- 
bats hypoxemia. 

Shock. As a prophylactic measure and as active treatment of shock, 
blood transfusions (or plasma transfusions) are of greatest benefit. Their 
greatest value is unquestionable not only in case of shock due to hemor- 
rhage, when blood acts as a replacement material, but also in shock of 
any other origin, such as crushing injuries, bums, excessive manipula- 
tions of the viscera in abdominal operations and the like. As the most 
important mechanical feature of shock, whatever its origin and cause, is 
the decreased volume of circulating blood, the advisability of adding 
blood or plasma becomes evident. The sooner this is done, the better the 
patient’s chances for recovery. 

In shock caused by bums or wounds there is loss of plasma, and in 
such cases transfusion of plasma is preferable to whole blood transfusion. 
The reason for it is that in loss of plasma, the number of erythrocytes 
in the blood remains the same, but they are suspended in a smaller 
volume of plasma; therefore, the blood becomes more concentrated 
and the viscosity of blood is increased, which puts an additional burden 
upon the heart. Under such a condition blood transfusion will throw 
additional burden on the heart, whereas plasma or serum transfusion 
may save the patient's life. 

Preoperative and Postoperative Care. The value of blood trans- 
fusion as a preoperative and a postoperative measure is generally recog- 
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nized. In clinics in which the cost of blood or plasma is not prohibitive 
for patients, such as large charity institutions provided with blood and 
plasma banks for free distribution, or in those treating well-to-do pa- 
tients, blood transfusion as a preoperative or postoperative measure 
constitutes nearly one-half of all transfusions. In some clinics blood 
transfusion is done nearly routinely after every major operation. 

Infections. Blood transfusion is used in some clinics in the course of 
acute and chronic infectious diseases, such as scarlet fever, undulant 
fever and subacute bacterial endocarditis. While the results are not as 
good as in cases in which blood is used as a “replacement therapy” there 
are many favorable reports to warrant its employment in some cases 
running a grave course. The improvement obtained is probably due to 
transfer of normal immunity substances into the blood of the patient 
whose immunity factors are reduced or impaired. However, for this type 
of treatment only fresh blood should be used, as stored blood very quick- 
ly loses its bactericidal properties. 

There are also a number of diseases which ordinarily do not belong to 
the domain of urgent or emergency surgery in which blood transfusion 
is useful. We mention it here for the sake of completeness of the indica- 
tions for blood transfusion. To this group belong different types of blood 
dyscrasias and cases of debility. 

Methods of Blood Transfusion 

There are a number of methods used in blood transfusion; most of 
them now are more of historical interest; others are used today but only 
infrequently; only a few being widely used at this time. 

AH methods may be classed into two large groups: I. Direct trans- 
fusion, and II. Indirect transfusion. 

Direct Transfusion. The lumen of the vessel of the donor is con- 
nected with that of the recipient either by end-to-end anastomosis or 
by the intermediary of some kind of a cannula. In either of these 
methods the intima of the vessels of the donor and of the recipient are 
in contact so that blood never loses its contact with the intima, thus 
preventing its coagulation. However, there are several objections to this 
type of transfusion: (1) It requires great technical skill for its perform- 
ance. (2) It sacrifices the vein of the donor and of the recipient. (3) There 
is no way of estimating the amount of blood transfused. (4) It makes 
transfusion dangerous for the donor if the recipient has an infectious or 
communicable disease. For all these reasons the direct transfusion is no 
longer used. 

Indirect Transfusion. Many variations are possible. One may use: 
(1) modified blood, or (2) unmodified blood. 

By modified blood is meant blood changed for the purpose of prolong- 
ing the time of coagulation so that it may be transfused before it becomes 
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never be followed by the immediate transfusion of whole blood, because 
occasionally severe reactions occur. 

Whole Blood versus Plasma. In many conditions blood or plasma may 
be used interchangeably. For such conditions the use of plasma is pref- 
erable since it eliminates the necessity of blood matching. Another 
advantage is that it is simpler to store plasma than blood, and for a 
longer period. However, there are conditions in which one has an ad- 
vantage over the other and there are others in which one or the other is 
contraindicated. 

Let us remember that whenever there is loss of protein concentration 
of the blood, plasma is preferable to blood; whenever a great number of 
erythrocytes is lost, blood is preferable to plasma. 

According to Strumia and McGraw the following are the indications 
for plasma and whole blood transfusion: 

1. Shock 

(a) With little or no hemorrhage — plasma should be given. 

(b) With severe hemorrhage — plasma for immediate relief to be 
followed by whole blood. 

2. Burns require plasma; whole blood is contraindicated because of 
hemoconccntration. 

3. Infections require plasma to supply with specific and non-specific 
immune bodies. If, however, severe anemia is present, whole blood 
should be added. 

4. Blood dyscrasias. In those with hemolytic tendencies, or with low 
prothrombin content, or with hemophilia, plasma should be ad- 
ministered. In those with hemorrhagic tendencies whole blood 
should be given. 

5. Anemia. In various hypoplastic forms whole blood should be 
given; in chronic hypoproteinemia anemias plasma should be ad- 
ministered. 

6. Acute poisoning — affecting the oxygen-carrying capacity of Hb. 
such as carbon monoxide poisoning — whole blood should be given. 

Unmodified Blood. By this is meant transfer of blood from the 
donor to the recipient without subtracting any constituents of the 
blood as is done in its defibrination and without adding any coagulants. 

Theoretically, this type of blood transfusion is ideal; the only objec- 
tion is that the blood coagulates before it is transferred into the vein of 
the recipient. 

The methods employed for the transfer of unmodified blood can be 
classed into one of two groups: (1) The intermediary apparatus is lined 
with a substance which delays coagulation. To this group belongs the 
Kimpton-Brown tube, 2 ® the Percy tube, and like appliances. This meth- 
od at one time enjoyed a great popularity in this country. Its good point 
is that it alters the blood very little, if at all. However, it has definite 
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disadvantages: the gla's tube and the connection must be smoothly 
coated with paraffin; the procedure cannot be carried out without 
trained assistants; a vein has to be exposed surgically and ligated. (2) A 
measure, the success of which depends upon the rapid transfer of blood 
before coagulation takes place. The first who applied this method was 
Ziemssen in 1892; later it was revived by Lindemann” and others. In 
this method one person handles the syringe for the donor, the other — the 
syringe for the recipient and the third washes the syringes in saline 
solution and hands the syringes to the two operators. This requires a 
team of three workers who are not always available. However, this 
multiple syringe method was a forerunner of the syringe-valve methods 
in which instead of several syringes only one is used with the addition of 
a valve for changing the direction of flow from the donor to the recipient. 

One of the earliest types of apparatus of this kind in this country was 
described by Unger, ! * in 1915. In the same year Bemheim iJ published a 
description of his apparatus which employed a syringe and a revolving 
plug valve. Since that time many modifications of the syringe and valve 
methods have been described. For this type of transfusion we use the 
apparatus introduced by Scannell* 0 -* 1 and described below. 

The technic of blood transfusion varies in accordance with the kind 
of blood used, namely modified or unmodified blood. Each of these 
two groups presupposes the employment of different instruments. But 
first of all the proper selection of a donor is of vital importance. 

One must make absolutely sure that the donor is wholly free of any 
communicable disease and that his blood is compatible with that of the 
recipient. If non -compatible blood is transfused, the patient may die. 

There arc two methods of testing the compatibility of blood groups — 
the direct and the indirect. 

The direct method is comparatively simple and therefore is the one 
suitable when the facilities afforded by hospitals or medical laboratories 
are not available. Under the usual aseptic precautions 2 to 3 cc. of blood 
is withdrawn from a vein of the recipient, collected in a test tube, and 
allowed to clot. The supernatant serum is removed with a pipette and 
one drop of it is deposited on a slide. Next a drop of blood is obtained 
from the donor after puncturing a finger or the lobe of the ear and trans- 
ferred with the aid of a glass rod to the center of the drop on the slide. 
The slide then is gently rocked for 5 minutes and the drop is examined 
with the naked e 3 r e. If agglutination has taken place one sees small clus- 
ters but if agglutination is absent the drop appears slightly but uniformly 
tinted red. 

If there is any doubt in the mind of the examiner, the final decision is 
made with the aid of the microscope. 

Needless to say that whenever the cooperation of a trained pathologist 
can be secured, it should be obtained even for this simple procedure. 

The indirect method necessitates the use of stock sera of blood groups 
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II and III. A slide is marked “II" at one corner and “III" at the other 
corner. One drop of stock serum II is placed under the spot marked 
“II," and another drop of stock serum III is placed under the cor- 
respondingly marked number. A drop of blood is obtained from the 
ear lobe of the recipient and transferred to the serum II by means of a 
glass rod. xlnothcr drop is now’ obtained and similarly added to the 
serum III. It is essential to make use of two separate glass rods, or else, 
if only one rod is used, to make sure that it has been carefully washed 
and cleaned after its use for the serum II before taking the drop of 
blood for serum III. 

The slide then is rocked to facilitate mixing of the blood with the sera 
and examined with the naked eye. In the presence of agglutination the 
drop becomes clustered. 

If agglutination does not take place after 5 minutes, the recipient's 
blood is compatible with either blood group II or III, as the result of the 
test shows. 

Technic of Transfusion of Modified Blood (Sodium Citrate) 
Method. The technic consists first of collecting blood from the donor, 
whose blood is compatible with that of the recipient and second of in- 
jecting it into the recipient. Each of these procedures is very simple and 
may be used with the aid of simplest appliances, such as a jar, rubber 
tube, needle and sodium citrate. However, on account of the im- 
portance of strict asepsis, of smoothness in drawing the blood, in mixing 
it with citrate and in preserving it sterile while it is injected into the 
recipient, it is much better to have sealed containers, which arc not 
contaminated in ordinary handling and in which the necessary concen- 
tration of sodium citrate is present. The Baxter transfusion set is very 
efficacious. Each set is supplied with descriptive literature, which give 
in detail each step of collecting and injecting blood. 

The Baxter unit provides a completely closed technic for collecting, 
citrating, transporting and storing whole blood. This unit consists of a 
hermetically sealed jar — Transfuso-vac and donor set (Fig. 20); the 
latter consists of a valve — vacutrol, tubing and needle. The transfuso- 
vac is of different sizes. It contains sufficient, amount of anticoagulant 
which is mixed with the drawn blood in order to prevent quick coagula- 
tion. 

The technic of collecting blood is as follotos: After thoroughly shaking 
the transfuso-vac to coat the inside with the anticoagulant, the outer 
metal cap and the metal disc are removed as described in the section on 
venous infusion. Next, the donor set is unwrapped. The donor valve is 
now closed by turning the knurled knob clockwise. While holding this 
valve in the right hand the first or top rubber disc is removed, exposing 
the sterile surface of the second rubber disc (Figs. 21 and 22). The pro- 
tecting vial from the valve needle is removed and, holding the transfuso- 
vac with the left hand, the needle of the donor valve is inserted per- 
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pendicularly through the center of the "X” mark on the stopper (Fig. 
23). Then the protecting vial from the donor’s needle is removed and the 
needle is inerted into the vein. Blood can be seen entering the trans- 
parent amber tubing. When the needle is in place the valve is opened by 



Fio. 20. Vacutrol donor set and transfuso-vae. 


turning the adjusting screw anticlockwise. The blood will flow freely 
into the jar (Fig. 24). The rate of the flow will depend upon the degree 
in which the valve was opened. The average rate of flow should be 
between 75 to 125 cc. per minute. If the blood does not flow immediately, 
it is due to one of two causes: either the pressure of the tourniquet is 
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too high or the needle is not within the lumen of the vein. First, one has 
to manipulate on the presumption that pressure of the cuff of the 
sphygmomanometer is too high by reducing the pressure; if this does not 



Flo. 22. Kxposcd surface of transfuso-vac 
Fio. 21. Tamper proof seal of showing “X" under the remaining disc, 

transfuso-vac. 



I'ia. 23. Vaeutrol valve inserted m transfuso-vac. 


improve the flow of blood, the needle has to be reinserted. However, 
before starting to manipulate with the needle, the valve has to be closed; 
otherwise, if the needle is withdrawn and the valve is opened, the 
vacuum is lost. 

When the blood is flowing into the transfuso-vac, the container is 
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agitated with a swirling motion to mix the blood and citrate. When the 
desired amount of blood is collected the valve is closed, the tourniquet is 
released, the needle from the donor’s vein is withdrawn and the valve is 
removed from the stopper of the tran«fuso-vac (Fig. 23). After the valve 
K removed, the transfuso-vac is agitated for a minimum of three minutes 



Fig 24. Collection of blond. 

to insure an adequate mixture of the blood and anticoagulant. After the 
blood was collected the transfuso-donor set should be cleansed carefully. 
The instruction for this cleansing is usually sent by the laboratories in 
descriptive literature. 

Administration of blood is the second act of blood transfusion, and is 
done in the following manner: 

The remaining rubber disc on the transfuso-vac is removed. This ex- 
poses the rubber stopper, which is cleansed carefully with iodine and 
alcohol solutions. A sterile No. 18 gauge needle is inserted through the 
larger indentation on the stopper to dissipate the vacuum; then the 
needle is removed from the larger indentation anti inserted through the 
smaller indentation, where it remains throughout the transfusion to 
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provide an air inlet. With the shut-off clamp on the tubing closed, the 
filter drip is inserted into the larger hole in the stopper. (The filter drip 
is a glass cylindrical tube interposed between the container and the 
tubing. It differs from vacodrip in this respect that it contains a stainless 



Fio.25 Removal of valve needle after blood 
collection. 

steel screen acting as a filter and catching smalt particles, such as fibrin 
and any particles larger than 74 micrones; in all other respects it has the 
same purpose). 

The set is filled now with blood and the transfusion made exactly as 
for intravenous infusion (Fig. 26). 

If it is desired to start and finish with normal salt or glucose solution, 
the same set may be used with a vacoliter filled with normal saline or 5 
per cent dextrose in normal saline. The change is made from one to the 
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other by closing the tubing clamp tightly and inserting the filter drip 
into the other container. 

The Administration of Blood, Plasma or Serum Combined with 
Normal Saline or Dextrose Solution. This set is seen in figure 27. 
It consists of a vacoliter, containing saline or glucose and transfuso-vac 



Tjo 26 Tilting tbe fftlcnlnp anil in1u>ion tubing preparatory to venipuncture. 


containing blood or plasma. A “Y” tube connects each of thc^e con- 
tainers with a filter drip and tubing leading to the recipient. Three 
clamps on the infusion set are closed. The two containers are suspended 
and the infusion set is filled with saline (or dextrose solution) as follows: 

The needle adapter pointing upward is held in the left hand; the 
clamp immediately below the vacoliter is opened and the tubing is 
raised high enough to invert the filter drip; the clamp underneath the 
filter drip is opened, so as to allow the solution to fill its chamber. The 
clamp beneath the filter drip is closed and the tubing is lowered enough 
so that the filter drip will acquire its right position (Fig. 27). The tubing 
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between the filter drip and lower 
clamp is squeezed, thus forcing 
the air into the filter drip. The 
lower clamp is opened again and 
the solution fills the remainder 
of the tubing 

After the set is properly filled, 
the needle is attached and in- 
serted in the vein. The blood 
(plasma or serum) may be given 
by simply opening the clamp on 
that side and shutting off the 
vacoliter. 

In blood transfusion, often the 
rate of transfusion is slowed 
down even if the clamp regu- 
lating the flow has not been 
changed. 

With this kind of tubing it 
is possible to close the clamp 
underneath the blood container 
and allow the solution from the 
vacoliter to flush the filter drip 
to restore the desired rate of in- 
fusion. 

- The most difficult part of the 
technic of transfusion is the in- 
troduction of the needle into the 
vein of the donor and particu- 
larly of the recipient, because 
larger needles are used for the 
recipient (No. 15 for recipient 
and No. 38 for the donor). The 
reason for using larger caliber 
needles for the recipient is that 
the needle stays in the vein of 
the donor only about eight 
minutes, whereas in the vein of 
the recipient it stays for about one to two hours. On the other hand, 
the vein of the recipient very often is collapsed and it would be more 
difficult to insert it in the recipient’s vein even if the same gauge were 
used for both the donor and the recipient. The technic of inserting the 
needle into the vein is identical with that described in venous infusion. 
In some cases it is impossible to enter the vein of the recipient by the 
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ordinary subcutaneous method and one is forced to use an open or 
surgical method. This is done in the following manner: 

A cuff of the sphygmomanometer is placed around the upper third of 
the arm and is insufflated up to 60 to 70 mm. of mercury. (It should be 



Fio 2S. Open method of in-erting a cannula into a rein 
slightly below the diastolic pressure.) The point is selected in the cubital 
fos«a where the median basilic or median cephalic vein is situated. 
They are usually well seen after pressure of the sphygmomanometer 
is applied. This place is anesthetized by injecting I cc. of 1 per cent 
of novocain and well massaged. A transverse incision three-fourths 
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of an inch long and perpendicular to the course of the selected vein is 
made through the skin only (Fig. 28A). The upper and lower lips arc 
retracted. The vein is now clearly seen. A small artery forceps with a 
curved pointed beak is placed at the side of the vein and the jaws are 
spread in a direction parallel to the course of the vein (Fig. 28B ) ; this 
will break through the fat and connective tissue. The jaws of the beak 
are then closed and carried behind the vein; its tip breaks through the 
connective tissue on the other side of the vein (Fig. 28C). The jaws 
are opened again; a thread is caught and carried around the vessel; the 
same maneuver is repeated, thus having two threads around the vein 



Fia. 29 Insertion of a cannula into a vein 

at a distance of one-lialf inch from each other (Fig. 28D). The proximal 
thread is held with some tension, thereby shutting off the flow of the 
blood proximal to the ligature. The vein in the operative field becomes 
engorged. The thread at the distal portion of the vein is now tied while 
the thread on the proximal end is held taut. A snip with scissors cuts the 
anterior wall of the vein (Fig. 28E) and a needle or a cannula enters the 
lumen (Fig. 29A); the thread ties snugly around the groove of the can- 
nula or needle by a bow knot (Fig. 29B) and the posterior bridge con- 
necting the segments of the vein is now severed. 

After the transfusion is done, the knot is dislodged, the cannula re- 
moved, the vein tied (Fig. 29C) and the skin closed by two interrupted 
sutures. 

The transfusion of plasma is technically simpler than that of v’hole 
blood because the gauge of the needle is smaller and therefore easier to 
insert into the vein. There is no possibility of clogging the needle. 

Transfusion of Unmodified Blood by Scannell Apparatus (Fig. 
30). The Scannell apparatus consists of a 20 cc. glass syringe and a.triple 
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valve which is connected with the syringe and to three tubes: one lead- 
ing to the donor, another to recipient and the third to the barin. The 
latter is filled with the normal salt solution and is used for washing the 
syringe, needles and cannulas. In case the operator breaks the original 
syringe, which comes with the apparatus, any Luer syringe can be used 
by attaching the valve adapter to it. 

Preparation of the Apparatus. The syringe, tubing and needles wrapped 
in gauze are either boiled or sterilized in autoclave and kept ready for 
instant u^c. The size of rubber tubing is No. 18 French scale. To secure 
easy and free action of the glass syringe, the pistol and the inner side of 
the barrel should be lubricated with pure sterile vaseline. The apparatus 



is assembled as shown in Fig. 30. The tube with the sinker is placed 
in the middle. A small basin of normal salt solution is provided. The air 
is expelled from the valve and tubes by filling them with the salt solu- 
tion. 

Preparation of i he Donor and Recipient. The donor and recipient oc- 
cupy operating tables of the same height. A small table or stand covered 
with a sterile towel is placed under their arms and between the tables 
or beds. 

Actual Technic. A rubber tourniquet or sphygmomanometer band 5s 
placed around the arm of the donor and pressure brought up to 60 mm. 
The needle or cannula is inserted into the vein of the donor pointing 
toward the hand. Next, a side tube coming from the valve is connected 
with this needle and the tourniquet is loosened. Ten cc. of normal salt 
solution is drawn through the middle tube and injected info the donor 
in order to make sure that the point of the needle is resting wholly within 
• the walls of the vein. A tourniquet is placed around the arm of the re- 
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cipient and a needle or a cannula is inserted into his vein, the needle 
pointing to the shoulder. Another side tube is connected with this 
needle. The tourniquet is removed and 10 cc. of normal salt is injected 
into the vein of the recipient to determine whether the needle or cannula 
are well within the lumen of the vein. Next, the tourniquet around the 
arm of the donor is again tightened to 60 mm. of mercury. 

Transfusion. The transfusion should be started slowly. If the recipient 
shows any reaction, the transfusion is discontinued at once. The syringe 
is held in the left hand in such a way that the valve can be turned 
readily with the left thumb. The valve handle is turned until the arrow 
points to donor inlet; then with slight traction on the pistol the syringe 
will fill. (If it does not, cither the needle is not in the vein or the tourni- 
quet is too tight.) After the syringe is filled, the valve handle is turned 
in opposite direction until the arrow points to the recipient outlet and 
the blood from the syringe is next injected into the recipient’s vein; the 
valve handle is pushed back toward the donor and these manipulations 
arc repeated until the desired amount of blood has been transfused. 
After 150 cc. to 200 cc. of blood have been transfused, the valve handle 
is turned until the arrow points to the basin of salt solution and the 
syringe is washed out two or three times. Then transfusion is started 
again by pointing the valve handle to the donor’s outlet and so on. 

The Amount of Blood to Be Transfused Depends on Several 
Factors. One of the most important considerations is the indication 
for which blood is given. If it is administered for acute hemorrhage, the 
amount should be larger than if given for some chronic ailment and the 
rate of transfusion is much faster than that for a chronic ailment or as a 
preoperativc measure. 

In the average case 500 to 600 cc. is sufficient for acute hemorrhage; 
however, not infrequently 1,000 cc. to 1,500 cc. may be required in severe 
cases of shock due to hemorrhage. 

If blood transfusion is done for raising the hemoglobin level in some 
chronic conditions, the amount of blood given should be able to raise 
the hemoglobin level to 45 per cent. If operation is contemplated, the 
hemoglobin level should be not lower than 60, preferably SO per cent. 
For an average adult one pint of blood is able to raise the hemoglobin 
level by 10 per cent. A more exact estimation of the amount of blood 
needed for raising the hemoglobin level to a desired degree is given as 
a formula by Marriott and ICeckwick: 31 

Per cent rise of hemoglobin required 

XPotient’s normal blood 

100 volume in cc. 

The rate of transfusion is subject to great variations: it should be 
neither too slow nor too rapid. It is given rapidly in case of shock — 500 
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ec. in eight to ten minutes and slowly in ca«e of chronic ailments— only 
150 cc. per hour. On the other hand, in myocardial damage, the rate 
of flow of blood should be about 75 ce. per hour. 

Complications 

Though technically blood transfusion ranks a minor operative proce- 
dure, its complications and dangers connected with it may occasional!}' 
be tho c c of a major operation. These complications may be due to re- 
actions arising during or immediately after transfusion and which may, 
according to Kilduffe and DeBakcy,” be placed into the following clas- 
sification: 

I. Reaction & 

A. Biologic 

1. Hemolytic 

a. Incompatibility 

b. Minor hemagglutinins 

c. Certain pathologic condition® 

d. X T niversal donor 

2. Proteolytic 

a. Allergic 

b. Anaphylactic 

3. Incipient coagulativc changes 

B. Chemical 

1. Impure citrate or saline 

2. Water not freshly distilled 

3. Unclean apparatus 
II. Transmission of disease 

A. S3T}hiHs 

B. Malaria 

C. Miscellaneous diseases 

III. Cardiovascular accidents 

A. Cardiac failure 

B. Embolism 

C. Hemorrhage 

D. Thrombosis 

Reactions. Reactions following blood transfusion were observed 
already since the seventeenth century. As mentioned in the historical 
introduction, Landateiner, in 1900, discovered the presence in the blood 
of i®oagglutinating and i®oagglutinable substances which satisfactorily 
explained the occurrence of reactions and laid the foundation for its 
prevention. With improvement in technics the death rate due to trans- 
fusion steadily decreased and now there is about one reaction for 400 
transfusions and about one death for 1,500 transfusions. Whereas the 
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mortality rate does not deviate greatly in the statistics of different in- 
vestigators, the percentage of reactions varies greatly, being from one- 
fourth of 1 to 7 per cent. Evidently, the difference arises from different 
views of surgeons as to what constitutes a “reaction.” In a severe hemo- 
lytic reaction the patient complains of a generalized tingling sensation, 
anxiety, fullness in the head, constricting feeling in the chest and pain 
in the back of the neck and in the lumbar region. The pulse becomes 
rapid, weak, the skin clammy; there is marked cyanosis, dyspnea, drop 
in blood pressure, nausea and vomiting. Immediately afterward, the 
patient has a chill followed by a rise of temperature. The reaction usually 
appears either at the time of transfusion or immediately after. It lasts 
about one hour. The fever may last twenty-four hours or less. The urine 
is red dark, due to hemoglobinuria. In a fatal case, this attack is followed 
by a few days of symptomatic improvement, followed later by the termi- 
nal stage of renal insufficiency. The patient sinks into a comatose state 
and death ensues within two weeks after the transfusion. The fatal rate 
in the hemolytic type is about 45 per cent. 

The treatment for this type consists of stimulating the kidneys by 
intravenous hypertonic fluids, cardiac stimulants, by decapsulation of 
the kidney and plasma transfusion. However, the fact of the appalling 
mortality rate shows that there is nothing specific in all these measures. 

Proteolytic reactions occur from time to time. They vary in intensity 
from mild to severe. Mild cases show urticaria, slight angioneurotic 
edema; moderately severe cases reveal difficulty in breathing, involun- 
tary urination and defecation; severe cases resemble anaphylactic shock. 
The latter type (anaphylactic) is usually fatal; fortunately it is rare. 
The mild variety is relieved by an injection of 10 to 20 drops of 1 : 1000 
of adrenalin. 

Chemical reaction occurs from time to time. Some consider that sodium 
citrate may cause reactions; others absolve the sodium citrate but blame 
its impurity or the impurity of the saline solution, improperly distilled 
water or improperly cleaned parts of the transfusion sets, such as 
syringes, rubber tubes, and the like. 

A reaction from chemical causes is probably the most frequent variety. 
It usually starts within one hour after transfusion, with a rapid rise of 
temperature up to 104° to 105°F. The temperature returns to normal 
within a few hours. The patient should be kept warm and morphine 
should be given. One may always try 5 to 10 minims of adrenalin 
(1:1000) on the assumption of an allergic state. The prognosis as to the 
outcome is good. 

Reaction due to the Rh factor. This reaction occurs occasionally in 
women who have been pregnant some time before and in patients who 
have undergone repeated blood transfusions. The term Rh has been 
coined from the first two letters of Rhesus (Macaca rhesus) by K, Land- 
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Steiner and A. S. Wiener who found that the serum of rabbits im- 
munized with the blood of a Macaca rhesus will agglutinate not only 
the blood cells of monkeys but also of 85 per cent of humans, irrespective 
of the blood group of the latter. Accordingly, the Rh factor is an anti- 
gen contained in the red blood cells in the majority of human beings. 
Such individuals are said to be Rh-positive in contradistinction to per- 
sons uho do not possess this antigen substance and who are therefore 
referred to as Rh-negative. 

Rh-negative persons who repeatedly receive Rh-positive blood may 
develop agglutinins against it and sustain a severe reaction when given 
a transfusion of Rh-positive blood. 

A like severe reaction also may occur in women who never before 
have been transfused but had been pregnant and whose blood as well 
as that of the fetus had opposite Rh factors. 

These reactions have appeared even when in grouping and in cross 
matching the routine methods revealed no agglutination. 

This discovery renders it imperative to determine the Rh factor of 
donors and recipients whenever one has a patient who on previous oc- 
casions had been given repeated blood transfusions or had been preg- 
nant. 

Transmission of Disease. Cases have been reported of transmission of 
communicable diseases through transfusion. Syphilis was the most 
frequent disease transmitted. Among others should be mentioned ma- 
laria and measles. Usually it is transmitted from the donor to the re- 
cipient, however, the opposite was the case on several occasions. In some 
of the cases of transmission of the syphilis this could have been prevented 
if the proper precautions had been taken; however, in some cases, the 
donors were in the preserologic stage and there T\erc no clinical signs of 
disease. It should be remembered that in some cases of syphilis the 
Kahn or Wassermann tests are negative. 

That the transmission of malaria may be facilitated is due to the fact 
that often the carriers of malaria not only do not know of it, but they 
even do not know that they have ever had malaria. In some cases it is 
not easy to demonstrate the presence of plasmodia in the blood. 

Among other diseases transmitted are measles, relapsing fever, small- 
pox and influenza. 

Cardiovascular Accidents. This is an extremely rare complication. In 
collected statistics of over 43,000 transfusions and quoted by Kilduffc 
and DeBakey 54 only six patients died from cardiac failure with pul- 
monary edema. Cases of embolism or thrombosis following blood trans- 
fusion are also extremely rare. 
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Chapter II 


Shock. Hemorrhage. Septicemia. 

Gas Gangrene 

By George de Tar.vowskv 
( Revised by Julius L. Spivack) 

SHOCK 

Shock may be defined as a disturbance of functional equilibrium 
characterized clinically by reactions of depression which may be severe 
enough to prove fatal. Its two essential manifestations are subnormal 
temperature and low blood pressure. It is often associated with severe 
hemorrhages or precocious toxemias, increasing the difficulty of ap- 
preciating the relative importance of each etiologic factor. This is es- 
pecially true in those cases in which both shock and hemorrhage are 
present in the same individual. 

Theories of Surgical Shock 

1. Physical and physiological theory of Crile: Shock is believed to be 
the result of exhaustion of the vital nerve centers. 

2. Chemical theory of Henderson: Shock is caused by a loss of carbon 
dioxide plus the presence of acidosis. This is challenged by other in- 
vestigators who deny that loss of COj can produce shock and who have 
shown that the injection of acid initiates acidosis without producing 
shock. 

3. Organic theory: Deficient adrenalin in the blood stream is ad- 
vanced as the etiologic factor. It is now generally accepted that such 
deficiency is a result and not the cause of shock. 

4. Freeman believes that shock is due to hyperactivity of the sympa- 
thetico-adrenal system, thus accepting part of Henderson’s theory'. 

5. Swingle et al. . . . , noticing that manifestations of shock and de- 
ficiency of the adrenal cortical hormone were similar, proposed the use 
of adrenal cortical extract in the treatment of shock. Other writers de- 
clare that there is no relation between the two and that furthermore the 
action of cortical extract is too slow to be of use in an emergency. 

6. Porter, during the World war I, believed that fat embolism was 
the causative factor in shock. While it is true that in compound frac- 
tures of long bones — and occasionally in simple fractures — fat embolism 
is not uncommon and is the cause of shock in such cases, it does not 
account for shock in the absence of bone lesions. 
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7. The toxemic theory of Cannon is at present accepted by a great 
number of surgeons. Cannon states that it occurs as the result of the 
rupture, shredding, tearing or crushing of large amounts of tissue. Hista- 
min from crushed muscles is liberated in the injured tissues, creating a 
vaso-motor paralysis. There ensues a dilatation of capillaries and a 
pooling of blood -within them, leading to an abnormal permeability of 
the endothelial walls and an escape of plasma with concentration of 
corpuscles within the vessel walls. Acidosis is always present to some 
degree. 

8. Edmund Andrews does not accept Cannon's theory and writes: 
"The general question of shock arising from toxins originating in in- 
jured tissues can, today, be answered with almost a categorical nega- 
tive. Earlier reports of finding of histamine-like derivatives, acetyeho- 
line, or various other toxic amines have, as a general thing, not been 
confirmed and to-day we fee I (airly confident that the fallen blood pres- 
sure and collapse after mechanical or thermal injuries is rather defi- 
nitely not due to absorption of poisons from the injured areas." An- 
drews is convinced that loss of circulating fluids is the most important 
factor in surgical shock, but he fails to give any explanation regarding 
the cause of this leakage of blood plasma into the loose cellular tissues. 

In the mechanics of circulatory failure three important factors are to 
be considered: 

1. Peripheral. A capillary and arterial dilatation will, of course, 
bring about a fall in peripheral resistance and hence a drop in pressure. 
This factor is largely dependent in most cases on the tone of the auto- 
nomic and sympathetic nervous systems, and may occur as a reflex 
phenomenon. 

2. Cardiac Failure. If the engine stops or falters, quite naturally 
the pressure will correspondingly drop. Strange to say, however, in most 
of the conditions with which the surgeon has to deal, the heart itself is 
not at fault. 

3. Loss of Circulating Fluid. Blood pressure falls from external 
hemorrhage is an obvious matter. However, blood pressure falls from 
multiple internal capillary hemorrhages following trauma have only 
recently been recognized. Furthermore, it is quite possible for plasma 
to leak into the tissues under certain stimuli and cause a corresponding 
loss in circulating fluids (Andrews). 

Psychic shock was a not uncommon occurrence during the war and 
should always be considered in the differential diagnosis. It is essen- 
tially a defense reaction, a means of avoiding or refusing to meet a sud- 
den situation, sorrowful, disagreeable or dangerous. It differs from trau- 
matic shock in that, w hilo there is a profound fall in blood pressure, there 
is no capillary dilatation and a marked bradycardia and not a tachy- 
cardia is present. There is a transitory cardiac shock with cerebral 
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anemia and hysterical outbursts. Placing the patient in a straight-back 
chair and lowering it so that the legs and feet are elevated while the 
head and trunk are lowered horizontally is the only logical treatment. 
Stimulants are unnecessary; those belonging to the vaso-motor group 
may even be detrimental. 

The existence or non-existence of pure neurogenic shock has been 
debated, pro and con, for many years. Whether prolonged stimulation 
of sensory nerves can bring about a fall in blood pressure, has been 
answered affirmatively and negatively. While the existence of neuro- 
genic shock cannot be entirely denied, its importance is, in all prob- 
ability, slight. 

During operations under general anaesthesia a rather sudden collapse 
with marked lowering of blood pressure may occur. When not caused by 
obstruction of the upper air passages, it denotes an inhibition of oxida- 
tion, producing tissue anoxemia. High oxygen concentrations may help 
in some cases. Likewise, if the anesthetized patient rebreathes from the 
anesthetic bag gases deficient in carbon dioxide, hyperventilation of the 
lungs or acapnia (Henderson), will soon appear. Henderson showed that 
the presence of C0 2 in the blood was the normal stimulant of respiration 
and not the lack of oxygen. A deficiency in C0 2 will bring about a cessa- 
tion or diminution of respiration shortly followed by collapse. The ad- 
ministration of concentrated COt will restore normal respiration. 

In extensive, especially comminuted, fractures of the long bones, 
multiple tiny fat droplets from the bone marrow may accumulate in the 
pulmonary capillaries and, if the quantity be sufficient, bring about some 
degree of pulmonary blockage leading to rapid shock and collapse. The 
treatment of this type of shock is entirely empirical. Herrmann reported 
success through using an intravenous injection of seven parts of a 25 
per cent dextrose solution and three parts of 95 per cent alcohol. He ad- 
vises using 5 cc. per kilo of body weight which he estimated to be about 
25 per cent of the lethal dose. 

Etiology 

The clinical factors producing the symptom complex of shock may be 
conveniently divided into exciting causes on the one hand and contribut- 
ing or accentuating factors. Trauma, whether accidental or surgical, 
hemorrhage, precocious septicemia and nervous shock are all exciting 
causes. Nervous shock may be further subdivided into anxiety neuroses, 
hysteria and, rarely, malingering. Of the contributing and accentuating 
factors pain, cold, hunger, thirst, heat, fatigue, loss of sleep, injury to 
important viscera, multiplicity of injuries and psychic influences must 
all be evaluated, as any of them may necessitate a modification in our 
treatment. The importance of recognizing these secondary factors was 
most dramatically demonstrated during the World war I. In the spring 
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and summer months of 1918, when the weather was comfortable and our 
soldiers were fresh from training camps, shock only occurred among the 
severely wounded; when the rainy season opened and our troops were 
fighting in the x\rgonne sector with transportation bogged up, inade- 
quate food and shelter, loss of sleep, cold and hunger became almost 
major factors in the production of shock regardless of the type of injury 
received. The importance of preventing or minimizing the«e same factors 
in civil life will be taken up in the outline on treatment. 

Air embolism is a constant possibility in operations or traumas around 
the neck, head or axilla where air may be sucked through a torn vein 
into the circulatory system by respiratory motions. Death is probably 
caused by a sudden filling of the right auricle and ventricle with froth. 
Auscultation of the heart will reveal a characteristic “shushing” sound 
which i« pathognomonic. The only logical treatment — often ineffective — 
consists in aspirating the right heart with a large hypodermic needle 
and giving heavy doses of cardiac stimulants. 

In biliary surgery, if the surgeon rotates the liver for a better exposure 
of the biliary tract, a complete portal obstniction may result with a 
corresponding, often fatal, dilatation of the abdominal veins. Should the 
anesthetist report a sudden drop in blood pressure, the liver should im- 
mediately be replaced in its normal position. 

Symptomatology 

The essential manifestations of shock are: Cold sweat, cold extremi- 
ties, clammy skin, white, pale grayish or slightly cyanotic appearance; 
a great thirst and often vomiting. The temperature is subnormal, the 
pulse of low tension, variable rapidity and feebleness, with weakened 
heart sounds; partial or complete muscle flaccidity is common, the 
pupils are dilated and there is lessened or total lo«s of sensibility. The 
respiration is usually rapid but may be either depressed or shallow. Sub- 
normal temperature and lowered blood pressure are the cardinal findings. 
Patients are first restless and very anxious but lapse gradually into a 
listless or apathetic state. In either primary or secondary shock oligemia 
is present to a certain degree. By this term is meant a condition in which 
the volume of circulating blood is diminished. "When this is so far re- 
duced that the various compensating mechanisms are unable to main- 
tain a normal effective venous pressure in the right auricle, the effective 
pressure in the left auricle also falls. In consequence the output of the 
left heart diminishes and the arterial pressure tends to lower. Such a 
tendency prevails although countered by a reflex peripheral constric- 
tion. Hence both systolic and diastolic pressure^ are low, the pul.-e pres- 
sure is small, and the product of heart rate and pulse procure decreases 
(Wlggers). A persistent diastolic arterial hypotension of lcs> than GO 
mm., independent of hemorrhage or toxemia, is an index of the gravity 
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of the shock and the principal indication for its treatment. The effect of 
the treatment can only be correctly' estimated by repeated applications 
of the sphygmomanometer. Repeated blood counts may be necessary in 
certain cases where the possibility of an internal hemorrhage cannot be 
ruled out. In hemorrhage there is loss of whole blood with a consequent 
reduction in the number of red blood corpuscles and hemoglobin because 
the vascular bed has absorbed fluid from the surrounding tissues to in- 
crease the blood volume. This only occurs when the amount of blood 
loss cannot be compensated by increased heart action and peripheral 
vaso-constriction. In shock on the other hand, there is loss of circulating 
blood volume and the blood has been pooled in the capillary bed because 
of capillary paralysis. The arterioles are constricted, and although there 
has been no loss of whole blood out of the vascular bed, the stagnation of 
blood in the capillaries reduces the circulating blood volume. The loss 
in shock is serum and not x thole blood, therefore the red blood corpuscles 
and hemoglobin are cither normal or actually increased. 

Moderate abdominal-wall traumas are associated with varying de- 
grees of shock, regardless of the presence or absence of visceral lesions. 
The well-known solar plexus blow of pugilism is a striking example of 
sympathetic shock. Initial shock, however, cannot be used as a criterion 
in determining the amount of damage done. Examination of the abdo- 
men will often reveal the nature of external trauma (bruise of an automo- 
bile or truck wheel, contusion of the skin, beginning hematoma, early 
manifestations of supra-pubic extravasation of urine in extraperitoneal 
rupture of the bladder or bleeding from the penis or female urethra in 
intra-peritoncal bladder rupture, subcutaneous emphysema of the 
thorax and abdomen in fractures of the ribs with injury to pleura and 
lung, etc.). One should ascertain about when the patient had his last 
meal, when he last defecated or urinated. The answer to these questions 
often has an important bearing on both diagnosis and prognosis. Should 
the initial shock tend to be prolonged, with symptoms of hemorrhage 
(fullness in the flanks, shifting in character, increase in pallor, air- 
hunger, etc.), a tear of a mesenteric vessel or rupture of a solid viscus 
should at once be surmised. Pain is a very variable factor. Simple con- 
tusions of the abdominal wall are frequently more painful than visceral 
lesions — until peritonitis sets in, when the condition of the patient under- 
goes a rapid change for the worse. Early emesis is not important. Perni- 
cious emesis, blood-tinged or not, suggest a severe visceral lesion. 
Persistent hematuria strongly suggests a ruptured kidney. Hematuria 
followed by anuria is typical of a recent intraperitoneal or of a three-to- 
four day old extraperitoneal rupture of the bladder. Progressive abdomi- 
nal distention is strongly indicative of rupture of a hollow viscus. The 
value of a fluoroscopic determination of free gas beneath the diaphragm 
or scattered beneath the various peritoneal pouches was pointed out by 
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Vaughan and Rudnick and is a test which should be promptly used in 
all doubtful cases. In a typical case of intra-abdominal trauma, following 
the initial shock, the patient has an anxious facies and becomes restless 
with pulse of increasing rate and decreasing tension. The extremities 
become cold and claramj'. The hepatic dullness disappears as abdominal 
distension and rectus rigidity increase. Respirations are rapid, shallow 
and painful. Unfortunately it is only rarely that one finds all the above 
clinical symptoms in a given case. The \vi«e plan is to proceed slowly. 
A chart of the pulse rate, volume and pressure recorded every half-hour, 
and blood counts, will soon help to confirm a diagnosis of hemorrhage, 
even in the absence of shifting dullness in the flanks. A diagnosis of gas- 
tric or intestinal perforation is often difficult to make prior to the onset 
of peritonitis. The x-ray is invaluable in such cases. The severity and 
persistence of abdominal wall pain and distention are the two most 
valuable signs. Rigidity may, during the first few hours remain unilateral 
or localized, but it soon tends to become bilateral and generalized. Lejars 
taught that in simple shock abdominal distention was instantly uni- 
versal, whereas in perforation the distention was first local or segmental 
and only later general. 


Treatment 

Transfusion of plasma or of whole blood is a life saving procedure in 
many instances, irrespectively, whether it is a sequela of hemorrhage or 
not. In case if it is due to loss of blood, blood transfusion is preferable 
to plasma transfusion; if there is no hemorrhage, plasma transfusion is 
preferable to blood transfusion as in shock already hemoconcentration is 
present. The amount of plasma or blood given varies depending on 
severity of the case. In average 500 cc. of plasma is sufficient. However, 
cases are reported in which up to 4,000 cc. of plasma was given until the 
patient was brought out of shock. In addition to thfa, other steps has to 
be taken. The patient’s head should be lowered, except in head or thorac- 
ic injuries. Heat should be applied to the entire body by means of 
hot blankets, hot water bottles or a cradle with electric bulbs attached. 
A temperature of 104 to 106 degrees is thus quickly obtained and should 
be maintained until a clinical reaction is manifest.. Hot liquids by mouth 
or rectum should be given freely. Minimizing of additional traumatism is 
very important; all fractures and extensive lacerations should be im- 
mobilized by suitable dressings and splintings at the time the patient is 
being given first-aid. Bandaging of the extremities, if properly done, is 
useful; proximal constriction from improper bandaging is worse than 
useless. The proper method is first to elevate the limbs in order to restore 
blood to the central circulation and then, with the limbs still elevated, 
to apply an elastic roller bandage beginning at the toes and fingers and 
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running up to the trunk, so that the blood is kept out of the extremities. 
This method is equally beneficial in the treatment of hemorrhage. If, 
as the patient recovers from his initial shock, he complains of severe 
pain, 1 grain of morphine should be given hypodermically and repeated 
as needed. Absolute physical and psychic rest must be enforced. Normal 
saline or Ringer’s solutions should not be used in shock because the 
fluid merely escapes into the loose cellular tissues. A G per cent gum- 
acacia solution of known purity is preferable because its molecules are 
too large to escape through the vessel walls. 

Check any serious, visible, external bleeding with forceps, ligature or 
suture. Tourniquets should be avoided whenever possible but, if used, 
should be loosened every half hour for five minutes until proper surgical 
instruments are available. Gangrene of an entire extremity has resulted 
after three hours of continuous tourniquet compression. 

Whether shock should be considered an indication or contra-indica- 
tion to operation depends on the severity of the shock, presence or ab- 
sence of hemorrhage and the type of operation contemplated. If hemor- 
rhage can he ruled out or, if external, has been controlled, and the pa- 
tient is cold and pulseless, shock should be treated first. This also holds 
true when the operation is a long and complex one such as a laparotomy 
with multiple visceral lesions. An extensive laceration of a limb, neces- 
sitating amputation, constitutes an indication for immediate operation 
with combined shock treatment. Fractures, either simple or compound, 
should not be permanently reduced until shock has been controlled. 
Thorough debridement of lacerated tissues and removal of all com- 
pletely detached spicules of bone should be undertaken with the shock 
treatment. Ethylene or cyclopropane should be the anesthetics of choice; 
ether is less desirable in shock. According to Bowlby and others, spinal 
anesthesia is dangerous while shock is present. 

HEMORRHAGE 

Urgent surgery only concerns itself with hemorrhage of sufficient 
volume to endanger life. 

Classification 

1. Closed wounds 

Contusions 
Crushing injuries 

2. Open wounds 

Punctured 

Lacerated 

Incised 

Combined arterio-venous 
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3. According to time 

Primary 
Intermediate (reactionary) 

Secondary (latent) 

4. According to kind 

Arterial 

Venous 

Capillary 

1. Closed Wounds. Some projectiles (bullets, metal fragments, 
etc.) or heavy weights such ns trucks, wheels, cases, rocks, etc., may 
contuse or crush an artery or vein without producing any loss of blood 
through the vessel wall. Any lesion of the intima is likely to be followed 
by thrombosis of the injured vessel; unless collateral circulation is totally 
inadequate, many of these thrombosed vessels arc unrecognized unless 
clinically revealed by embolic complications, aneurysms or secondary 
hemorrhage. Several days may elapse between the injury and appearance 
of vascular dysfunction. Whenever a wound has been received in a 
vascular portion of the body, the mere fact that there is no external 
bleeding will not prove the absence of a vascular lesion. 

2. OrEN Wounds. Regardless of the type of open wound inflicted on 
a blood vessel, the clinical manifestation of hemorrhage will only vary 
in quantity, depending on the degree of gaping of the wound, size of the 
artery or vein, presence or absence of oxygen and, most important of all, 
on the amount of resistance to the outpouring of blood offered by the 
surrounding tissues. Hemophiliac, icteric and diabetic patients present 
added problems. 

The cardiodynamic picture following the rupture of an artery, is 
dominated in the initial stages by a decrease in resistance and, in later 
stages, by the effect of reduced venous return. Initially', diastolic pressure 
decreases more than the systolic, the pulse pressure is greater and the 
peripheral pulse acquires a collapsing characteristic. The following 
mechanisms tend, to some degree, to compensate for the sudden loss of 
blood: (1) Diversion of blood from capillary pools, (2) contraction of the 
spleen and (3) dilution of blood by absorption of lymph. The tendency 
for arterial pressure to fall rapidly as a result of hemorrhage is partly 
counteracted by: (1) an increase in depth and rate of respiration which 
tends to favor thcTeturn of blood to the right heart, (2) an inhibition of 
the vagus center causing an increased heart rate and (3) a stimulation 
of the vaso-motor center causing a constriction of peripheral blood-ves- 
sels (Wiggers). 

Every hemorrhage, except one coming from a very large vessel has a 
natural tendency to be checked long before the loss of blood becomes 
dangerous. The duration of bleeding depends not so much upon the 
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size of the vessel wounded as on the facilitj' with which an efficient clot 
forms over the opening and on the type of wound, open wounds exposed 
to the air greatly facilitating the phenomenon of blood-clotting. In 
closed wounds the size of the hematoma will, to a large extent, depend 
on the anatomic barriers tending to circumscribe the effusion. Closed 
wounds involving the dome of the liver are rarely fatal because the bleed- 
ing is arrested by pressure of the diaphragm above and falciform liga- 
ment laterally. The same is true of lung parenchyma, muscle, fascial 
planes or subcutaneous connective tissue. It thus becomes easy to under- 
stand why retroperitoneal, uterine, splenic or mesenteric wounds so 
often demand immediate radical surgical intervention. 

In closed abdominal wounds the organs most often ruptured are the 
liver, spleen, kidney and small intestine; the mesentery is not infre- 
quently torn. The colon, rectum and bladder are less often injured. Stab 
or bullet wounds are frequently multiple, hence more confusing. 

Diagnosis 

The cardinal symptoms of hemorrhage are a rapid pul«e, easily com- 
pressible, a low blood pressure and obvious anemia. Excessive thirst and 
air-hunger are common. If the bleeding is severe and intra-abdominal, 
fluid may be detected in the flanks and shifting dullness may be demon- 
strated by turning the patient from side to side and percussing the 
dependent portions of the abdomen. They may state that they feel 
“something hot running inside.” We have frequently noted this particu- 
lar symptom which is hard to explain physiologically, for the tempera- 
ture of blood, urine or gastric content is that of the body, and yet some 
patients are conscious of something hot running through the abdominal 
cavity and free blood is found at operation. A description of the accident, 
when obtainable, is of great value in determining the probable presence 
or absence of hemorrhage. Hematuria suggests a ruptured kidney; the 
passing of fresh bloody urine, spontaneously or per catheter, is almost 
pathognomonic of a ruptured bladder. Bloody feces or a muco-blood 
discharge make one suspect a laceration of some portion of the intestinal 
track. Frothy hemoptysis suggests crushing injury of the thorax. If the 
site of the abdominal trauma is over the right or left upper abdominal 
quadrant, either the liver or spleen may be torn. Trauma over the epi- 
gastrium may have involved the stomach, transverse colon, duodenum 
or pancreas, whereas severe contusion in the vicinitj' of the umbilicus 
may be accompanied by injury to the small intestine or some segment of 
its mesentery. 

Prognosis 

The prognosis should always be guarded and usually kept in abeyance 
for at least twenty-four hours after stirgical intervention. It not only 
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depends on early intervention when indicated, but also on the number 
and severity of the visceral lesions, ea«e with which bleeding can be 
checked and the possibility of complications such as peritonitis, visceral 
necrosis, etc. 

Treatment 

Basic indications for immediate operation are clinical symptoms 
pointing to progressive intra-abdominal hemorrhage or hollow visceral 
penetration. As pointed out in the treatment of shock, often repeated 
blood counts are invariable. Injuries involving the main trunks in the 
neck, thorax or abdomen, and those of the main vessels of the liver, 
spleen or kidneys arc usually fatal before surgical help can be given. 
When the injury has been brought about by a lateral blow, fall or 
crushing, a rupture of the liver, spleen or either kidney must be con- 
sidered. A midline or para-umbilical blow is more apt to produce in- 
testinal trauma (rupture, tearing of mesenteric vessels). Rupture of a 
hollow viscus demands immediate inten'ention, even though signs of 
hemorrhage are absent. With a suspected rupture of a solid viscus, but 
without alarming symptoms of hemon-hage, an expectant attitude 
should be adopted. The following ca«e well illustrates this point: 

A-3429, Ravenswood Hospital 12/29/1938. Referred by Dr. J. S. Schriver. 

A four year old boy was caught between the bumpers of two automobiles and 
his lower thorax squeezed before the cars could stop. When admitted in the 
hospital he was in mild shock. T.99.6, P.110.R.40. Ilis blood count was: Reds 
4.500.000, Whites 27.100, Hemoglobin 77 percent Sahli. An x-ray of the thorax 
nas negative as to fractured ribs or elevation of the diaphragm. A few hours 
after admission he suddenly went into profound shock with marked air-hunger. 
-Oxygen inhalations were immediately started and consultation asked for re- 
garding the advisability of giving the child a blood transfusion. Percussion of 
the lower thorax on the right side revealed some impairment of dullness with 
no shifting quality. Paracentesis revealed free blood between the dome of the 
liver and the diaphragm. A blood transfusion would have merely encouraged a 
secondary hemorrhage and it was decided to adopt a "watchful expectancy" 
attitude. The boy convalesced rapidly and left the hospital on the 9th day. No 
further aspirations were made and rapid absorption of the hematoma occurred. 

Most of these patients recover unoperated. If the hemorrhage has 
been severe and progressive, the best working rule is to operate if the 
patient is seen very early, but to watch and observe for a few hours if 
the patient, is seen six or eight hours after injury. If then the anemia is 
not apparently progressive one should not operate, for the hemorrhage 
lias to all intents ceased and laparotomy will cause a renewal of the 
hemorrhage with a probable fatal result. On the other hand, if there are 
signs of progressive bleeding, the abdomen should be opened at once. 

A good working principle is to operate if reasonable doubt of a hollow 
viscera! lesion exists, for the mortality of such operation is exceedingly 
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low when no visceral penetration is found. Such a borderline case is 
that of: 

68612, Ravenswood Hospital 3/14/1933. 

D. L. Male, 26 years old, was knocked down by an automobile and brought 
to the hospital complaining of marked pain over his abdomen and a feeling as 
if “something hot had been poured into his abdomen.” The skin over the left 
lower abdominal quadrant was contused; no fractures were discovered. Urin- 
analysis was negative. T.98., P.120., R.30. Blood pressure 120 over 80. There 
was marked abdominal rigidity with, apparently, some dullness in the left flank. 
The blood count was: Reds 4.700.000, Whites 11.600, Hemoglobin 85 per cent 
Sahli. The pro-operative impression was that we were possibly dealing with a 
mesenteric tear with hemorrhage. What was found was a descending colon and 
sigmoid edematous and covered with petechial hemorrhages. No large vessel 
had been tom and there was no hollow viscus ruptured. The abdomen was 
closed without drainage and the patient made an uneventful recovery. There 
was a reasonable doubt in this case and it is always safer to explore and find 
nothing than to procrastinate until it is too late to save a life. 

Two general rules may be followed to aid the surgeon in his choice 
of an incision: (1) Plan the incision to meet the visceral injury suspected; 
(2) Avoid, if possible, the entrance wound site — if any be present — and 
so diminish the liability to wound infection. Always make the operative 
wound sufficiently ample to insure an unhampered exploration. A 5 to 6 
inch incision avoids evisceration of intestines during repair of same. 
For all middle and lower abdominal operations the paramedian incision 
gives the best results. For injuries to the liver or spleen, without trauma 
to hollow' viscera, the trans-thoracic, extra-pleural incision facilitates 
exposure and treatment of these two solid organs. The latter technique 
is based on the anatomic fact that a thoracic incision beginning at the 
eighth costal cartilage in the para-sternal line and running obliquely 
downwards, outwards and backwards to the tenth rib in the mid-axil- 
lary line and twelfth rib in the scapular line, absolutely avoids the 
pleural sinus and enables the surgeon to incise the diaphragm on either 
the right or left side and expose liver or spleen. A lumbar incision is only 
indicated in kidney lesions or retroperitoneal hemorrhages. In the pres- 
ence of free intra-abdominal bleeding a suction apparatus should be 
used. Many valuable minutes will be saved if the surgeon has a definite 
routine for his examination of the abdominal contents. The writer’s 
preference is to begin at the right upper abdominal quadrant, palpating 
the right kidney, then passing a hand over the dome of the liver, its 
anterior and inferior surfaces. A finger is next introduced through the 
foramen of Winslow in order to palpate the head of the pancreas and 
first two portions of duodenum. The stomach and gastrocolic omentum 
are then inspected for rupture or laceration. The spleen and left kidney 
come next. By lifting up the great omentum and transverse colon and 
passing an index finger from right to left under the colon, the first loop 
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of small intestine encountered is at the ligament of Treitz. From that 
point on successive loops of small intestine are lifted up, carefully exam- 
ined and rapidly replaced in the abdomen by an assistant. Having ar- 
rived at the ileo-cecal valve the entire colon is inspected to its pelvic 
end. Finally the bladder and female genitalia in women are examined 
for possible trauma. Any area where trauma is encountered is tempo- 
rarily tamponed or covered with a laparotomy sponge. If a hollow vbcus 
is tom the involved loop is doubly clamped off with intestinal clamps 
and the perforation closed. Blood vessels, if torn, are clamped. Having 
thus completed a thorough examination, nothing can be missed and the 
surgeon can now proceed with the permanent care of the lesion or 
lesions encountered. This complete preliminary survey is of particular 
importance in cases of gunshot or stab wounds where lesions are so apt 
to be multiple. 

Wounds of the liver are tamponed, the end of the tampon brought out 
through a right lumbar stab wound and progressively withdrawn after 
five to seven days. Suture of the liver is rarely possible; it usually in- 
creases the bleeding. 

With the exception of small tears which merely require tamponing, 
a laceration extending to the hilus of the spleen usually involves one or 
more of the splenic vessels and necessitates splenectomy. Care must be 
taken not to injure the tail of the pancreas or greater curvature of the 
stomach while ligating the splenic pedicle. In poor surgical risks the 
pedicle can be double clamped with eight inch forceps which are then 
covered with vaseline-coated gauze and left in situ for three to five days. 

Tears involving the mesentery at right angles to the long axis of the 
intestinal track seldom require more than double ligation of the arterial 
or venous branch and closure of the rent. Where there is complete de- 
tachment of a segment of bowel from its mesentery and the proximal 
portion of the mesentery has had its main artery torn, the prognosis as 
to viability of the segment is bad. Collateral circulation is notoriously 
poor and the surgeon must decide between an immediate resection and 
end-to-end anastomosis in good risks and exteriorization of the involved 
loop in bad risks. In the latter case tubal drainage proximal to the ex- 
teriorized loop must be provided. In any case the torn vessel must be 
double ligated, even if the bleeding has ceased. 

Unless the renal artery - has been severed, hemorrhage from either kid- 
ney will rarely warrant a primary nephrectomy. Tamponing a kidney 
laceration and bringing out one end of the tampon through a lumbar 
stab wound will usually suffice as far as immediate treatment is con- 
cerned. Hemorrhage from a ruptured bladder is never serious per se, 
but immediate repair will prevent a deep cellulitis or peritonitis, de- 
pending on whether the tear is extra or intra-peritoneal. 

Hemorrhage from the Stomach. As a rule bleeding from injury to 



SEPTICEMIA 


53 


the celiac axis is rapidly fatal. A wound of one of the main gastric ar- 
teries may be followed by necrosis of a portion of stomach wall. After 
checking the bleeding by double ligature, apply hot packs to the injured 
wall for five or ten minutes; if the circulation is reestablished, as evi- 
denced by a return to the normal pink-Ted of the stomach wall, it is safe 
to close the abdomen without drainage. If the segmental circulation ap- 
pears jeopardized, leave a cigarette drain for three or four days and watch 
the clinical course of the case. At the first sign of local peritonitis, reopen 
the incision and treat the gangrenous section as indicated by actual con- 
ditions found. Wedge-shaped excision, partial gastrectomy or a gastro- 
enterostomy after removal of the gangrenous area and closure of the 
gap may have to be performed; no rules can be laid down. One is rarely 
justified in performing a radical operation on a wounded stomach as a 
primary measure; the immediate mortality is too great. 

Bleeding from a wound of the pancreas is not, per se, serious but the 
escape of pancreatic ferments in the peritoneal cavity represents one of 
the hardest problems in surgery. The sheltered position of this organ 
makes it almost impossible to be wounded without adjacent injury to 
the stomach, transverse colon or spleen. An early pre-operative diag- 
nosis of pancreatic lesion is impossible. When discovered, one may — 
rarely — attempt to suture the rent. Usually the surgeon will be limited 
to tamponing of the tear, large tubal drainage and protection of the 
abdominal wall by means of zinc-oxidc ointment generously spread over 
the entire abdomen. The mortality is high: of the cases which survive a 
small percentage will develop a pancreatic cyst. 

Blood transfusion, 5-10 per cent glucose solutions, heat to the body, 
hot drinks when tolerated and complete physical and psychic rest are 
all valuable adjuvants. 

SEPTICEMIA 

The terms Pyemia, Sapremia, Septicemia and Bacteremia are some- 
what loosely used to denote clinical departures from the normal. From 
the pathologist’s viewpoint, the products of bacterial action may be 
absorbed into the blood, giving rise to sapremia, or the bacteria them- 
selves may enter the blood stream, a condition of septicemia. 

Sapremia is a condition of intoxication due to the action of sapro- 
phytic bacteria. These are usually unable to invade the living tissue but 
flourish in dead tissue such as occurs in a wound with extensive lacera- 
tion of the soft parts or in the remains of a placenta retained in the 
uterus. Owing to the great proteolytic power of the saprophytes, the 
proteins are decomposed into toxic products which, when absorbed, 
produce symptoms of intoxication. When the toxin factory is destroyed, 
as by scraping out the uterus or “debridement” of a wound, the symp- 
toms rapidly subside. 
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Septicemia is a term familiar to everyone, and yet, when we analyze 
it, \vc find it difficult to define. Strictly speaking, any condition in which 
microorganisms circulate in the blood is a septicemia. In a cliuical sense 
it is certainly not true. Wo must distinguish between a bacteremia and 
a septicemia. Bacteria probably enter the blood in every infection, but 
they are speedily destroyed and are therefore not found in blood cul- 
ture. Moreover it is not only in infections that bacteria circulate in the 
blood stream. When a boy receives a blow on the shin and, as a result, 
developcs acute osteomyelitis of the tibia, the infection is admittedly a 
hematogenous one and the circulating blood must therefore have con- 
tained bacteria at the time of the injury. Such a person is suffering from 
a bacteremia but not a septicemia. The difficulty is best solved by using 
septicemia as a clinical and not a pathological term; "it indicates a con- 
dition characterized not only by the presence of bacteria in the blood, 
but also by the development of certain clinical manifestations (pyrexia, 
petechial hemorrhages, etc.) suggesting the presence of these bacteria. 
Into every case of septicemia there should enter the conception of some 
local focus of infection, often undiscovered, from which, as a result of a 
breaking down of the protective barrier between bacteria and host, 
organisms enter and continue to enter the blood stream. When the source 
of supply is removed, the bacteria soon disappear from the blood. Prog- 
nosis, to a certain extent, may be based on the number of circulating 
bacteria as shown by plating blood cultures” (Boyd). The Kocher-Ravel 
classification which, unfortunately, is not currently used, is the most 
precise. It recognizes three clinical types of general intoxication: 

1. A general intoxication by bacterial products without the presence 
of bacteria in the circulation, a “toxinhemia” such as is found in tetanus 
and gas gangrene. 

2. A general intoxication in which bacteria gain access to the general 
circulation, a '‘bacteremia.” Where no metastatic foci develop, the term 
septicemia applies; should such foci develop, as in a case of puerperal 
streptococci infection, the term pyemia should be used. 

3. A general intoxication provoked by toxins elaborated by bacteria 
which do not enter the circulation, associated with a general infection 
caused bj' bacteria which do enter the circulation. Such a mixed infec- 
tion, typified by a combined diphtheritic and streptococcic invasion 
should be termed a “toxibacteremia.” 

Etiology 

Predisposing factors which tend to reduce the protective forces of 
nature in an individual, such as excessive fatigue, anemias, diabetes, 
nephritis, etc., play an important r&le in the production of septicemia. 
Prolonged operations, rough handling of tissues, especially visceral per- 
itoneum, uncalled-for and usually unnecessary exposure of viscera dur- 
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ing an operation, all tend to lower resistance. It is not improbable that, 
taking advantage of a lessened degree of immunity, saprophytic bac- 
teria cease ingesting dead cells and, attacking living body cells, become 
pathogenic in the clinical sense, returning to their former saprophytic 
existence when the balance of power is restored. The writer believes 
that, in a majority of instances at least, these parasites are not suddenly 
introduced from without but that, taking advantage of either a general- 
ized decrease of natural immunity or of a “locus minoris resistentiae/’ 
they wander from their normal habitat in the body, suddenly become 
activated and produce abnormal quantities of toxin. 

While staphylococci, pneumococci and colon bacilli may be found in 
these generalized infections, the streptococcus is responsible for the vast 
majority of them. In 210 cases analyzed by Lenhartz, 160 cases of 
septicemia were streptococcic, 22 staphylococcic, 20 due to the pneu- 
mococcus and only 8 revealed colon bacilli as the active agent. 

One must also bear in mind that an apparently simple pyemia may 
suddenly change into a septicemia and, conversely, an apparently ful- 
minating septicemia may subside and become a pyemia with multiple 
metastatic abscesses. Pyemia and septicemia cannot be considered as 
two separate entities; they merely represent varying reactions of an 
organism more or less resistant to a microbe more or less virulent. Were 
it clinically possible to correctly evaluate the power of resistance of a 
given individual and the degree of virulence of the pathogenic invader 
of that same individual, a fairly accurate prognosis might be possible. 

Symptoms 

The onset of septicemia may be so rapid that, even when the primary 
focus of infection is discoverable and removable through extirpation, 
drainage or relief of tension, little or no improvement may follow. This 
is particularly true of gas gangrene cases. The outcome will almost en- 
tirely depend on the rapidity with which the individual can marshal his 
own natural defenses. It is in such cases that therapeutic attempts to 
lower fever are to be deplored. From a clinical viewpoint there can be 
no question but that fever is our best index of the virility of reaction 
on the part of the patient against bacterial infection. As Da Costa 
tersely states it: “Fever is only a symptom and the elevated tempera- 
ture of an infection is evidence that the body is fighting the infection. 
An acute infection with a low or subnormal temperature is a far graver 
condition than an acute infection with a high temperature. The low 
temperature shows that the body is abandoning the contest; the sub- 
normal temperature shows that the body has abandoned it.” A wealth of 
evidence indicates that fever stimulates the reticulo-endothelial system 
to greater phagocytic action, that it increases the rate with which vari- 
ous immune bodies are formed and that it impairs the viability of organ- 



56 


URGENT SURGERY 


isms in vivo as veil as in vitro. Hyperthermia per se, by increasing the 
metabolic activity of cells increases the resistance to infection; the natu- 
ral physiologic responses invoked (increased blood concentration, les- 
sened oxygen-carrying capacity of the hemoglobin, increases in basal 
metabolism, rate and depth of respiration, rate of heart beat and various 
forms of cerebral irritation) are adequate to care for the increased oxygen 
requirements and acid products of metabolism (Wiggers). 

Local signs vary with the nature of the wound, if any, and may be 
absent in desperate cases. Lymphangitis and lymphadenitis near the 
wound is common. Pain and vomiting are often ushered early. The pulse 
is weak and irregular: the heart rate is increased and hemic murmurs are 
often present. A diffuse erythematous rash with a dr}’, hot skin, is often 
seen in the early stages. The appearance of a cold clammy skin may por- 
tend a decline in toxemia or lessened resistance on the part of the pa- 
tient. Constipation is the rule, offensive septic diarrhoea the exception. 
Infection of the renal epithelium is present to a variable extent. Delir- 
ium is the rule. Leucocytosis, as fever, is an index of the patient’s re- 
sistance; a leucopenia presages a fatal outcome. Abscess formation, 
single or multiple, is a good sign, indicating localization of the focus or 
foci. The special signs and symptoms in gas gangrene are treated sepa- 
rately. 

Treatment 

Removal, diversion or drainage of the focus of infection before septi- 
cemia has manifested itself is the prime desideratum. Avoid or mini- 
mize all predisposing factors. Surgical judgment should determine how 
much a given patient can stand in the course of immediate or primary 
treatment. Many catastrophies will be avoided if first-aid is limited to 
checking of hemorrhage, immobilization of fractures or extensive lacera- 
tions and the avoidance of primary closure of lacerated wounds or 
amputations for crushing bone injuries. The relative importance of the 
associated shock must be evaluated before surgical treatment is under- 
taken. The immediate treatment of visceral lesions is discussed in con- 
nection with hemorrhage. 

Up to recent years the results obtained by different kinds of treat- 
ment were unsatisfactory. Vaccines and sera have been employed with 
varying degree of success. With the introduction of sulfa drugs and 
particularly penicillin, the results obtained were greatly improved. 
Penicillin was found to be very effective in the treatment of staphylo- 
coccic, gonococcic, pneumoeoccic and hemolytic streptococcic infec- 
tions. 

Secondary (retarded) and not primary' closure of deeply’ lacerated 
wounds, ample drainage, immobilization of fractures and gentle, rapid 
surgery will remain the prophylactic anchors in the prevention of septi- 
cemia. 
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GAS GANGRENE 

No type of septicemia presents such a dramatic or fulminating clini- 
cal picture as does one of gas gangrene, once the exotoxins have entered 
the general circulation. During the World war I, even after military sur- 
geons had learned, often through bitter experiences, to recognize its 
earliest manifestations, the total mortality of gas gangrene cases was 
48.52 per cent. As might be expected, the comparative rarity of gas 
gangrene infestations in civil practice has rendered it difficult for the 
average practitioner to make early diagnoses, hence the mortality is 
higher than pertained in military surgery. Miller, Eliason, Collander 
and others estimate the mortality rate to lie somewhere between 40.7 
and 75 per cent, the latter high figure pertaining to amputations for 
combined diabetic gangrene and gas bacillus infection. 

While no one anaerobe can be said to be responsible for the infection, 
the Welch bacillus (bacillus aerogenes capsulatus or clostridium Wel- 
chii), can be cultured from cases of gas gangrene in at least 80 per cent of 
all cases. Anaerobes inhabit the soil, alimentary tract of man and animals, 
dairy products and clothing. These organisms give rise to exotoxins 
which act as aggressins. In the presence of such exotoxins anaerobes take 
on a virulent pathogenic character and rapidly lead to gangrene and 
death. In the late weeks of the World war I we saw fulminating cases 
of gas gangrene developed 4-0 hours after the soldier had received his 
wound or wounds. The most important factor in the production of gas 
gangrene is the intensive damage to muscle at a distance from the sur- 
face, under conditions that prevent the free access of oxygen. Next in 
etiologic importance is the local ischemia produced by the damage to 
the circulation. Deeply lacerated wounds, especially those involving 
muscle groups, contused, soiled wounds, compound fractures, hema- 
tomata and interference with the blood supply create favorable condi- 
tions for the growth of anaerobes. Gunshot, shell fragments or any 
punctured wound into which anaerobes are introduced by contaminated 
missiles, bits of clothing or injuries to the gluteal and perineal regions 
where fecal contamination readily occurs, all predispose to gas gangrene. 
Rare causes are abortions, instrumental deliveries, hypodermic or intra- 
muscular injections and amputations for arteriosclerotic or diabetic gan- 
grene. 

Symptoms 

The earliest symptoms are: sudden lancinating pain at the site of the 
wound, a sense of constriction of the segment of the limb which has been 
dressed and too tightly bandaged, headache, rising fever and pulse rate 
followed shortly afterwards by constitutional symptoms of grave in- 
toxication, i.e. restlessness, delirium, stupor and coma. Locally there is 
found a rapidly increasing swelling, a serous or sero-sanguineous dis- 
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charge having an odor variously described as ammonia cal, musty or 
nauseating, and a mottled discoloration of the skin. Percussion over the 
limb or muscle group may give a subdued tympanitic note several hours 
before crepitation can be elicited. Gentle palpation often elicits crepitus; 
a more delicate method is to place a stethoscope over the limb and 
squeeze the muscle or group of muscles involved— a crepitant sound 
may be heard which is not recognizable to the touch. The invaded mus- 
cles contract slowly and the range of contraction is less than in the nor- 
mal. Occasionally there may be an escape of gas bubbles when the edges 
of the wound are spread. Early x-ray examination is capable of demon- 
strating gas in the depth of the tissues loBg before it can be demon- 
strated by palpation or percussion. Brilliant green stains devitalize mus- 
cles less rapidly and less characteristically than in the normal. The 
clinical types often merge rapidly from superficial to deep or from local 
to massive, yet one can recognize: (1) Gas cellulitis, (2) localized gan- 
grene and (3) massive gangrene of an entire limb. 

Type 1 (Local, Diffuse), (a) Local cellulitis. There is a reddening of 
the skin, sometimes a bronzing or brick-red color. A characteristic foul 
odor emanates from the wound discharges with bubbles of gas in the 
discharge. There is no gas in the deeper tissues. A mild toxemia is pres- 
ent. 

(b) Diffuse cellulitis. The skin becomes mottled with blue, purplish or 
gray blotches and frequent bronzing of the skin takes place. The limb is 
swollen and edematous; there is elicited a crackling sensation on touch- 
ing the skin. The distal circulation is unaffected. There is a profound 
toxemia with rapid pulse of small volume, variable temperature, cold 
extremities and, often, hiccough and emesis. 

Type 2 (Localized Gangrene). Usually associated with a com- 
pound fracture, especially of the femur. The skin is mottled purple. 
Localized crackling of the skin and deeper tissues can easily be elicited. 
The limb is not uniformly swollen. A foul, dirty fluid, containing bubbles 
of gas, but no typical pus, exudes from the wound. Toxemia of variable 
degree is present. The distal circulation may show signs of obstruction. 

Ttpe 3 (Massive Gangrene). The onset may be extremely rapid, 
often occurring in a patient apparently well on the way to recovery. 

It usually develops within fortj'-eight to seventy-two hours after the 
receipt of the injury but has been known to appear within four to six 
hours. The most severe type is seen in those wounds where there has 
been a severe disturbance of circulation (torn artery with inadequate 
collateral circulation, crushing of the principal vein of a limb, prolonged 
use of a tourniquet). The process may be a progressive one from type 
one or two, or massive gangrene may develop without warning, invad- 
ing an entire cross-section of a limb simultaneously. 
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Characteristic symptoms: 

1. Sudden, sharp, lancinating pain in the limb, below the wound. 

2. Marked edema of the limb, with blotchy, purplish discoloration of 
the skin. 

3. Obliteration of the distal pulse. 

4. Profound toxemia with high temperature and rapid, low tension 
pulse. Temperature tends to become subnormal a few hours before 
death. 

5. Characteristic ammoniacal, musty, nauseating odor around the 
wound. 

C. From the wound opening issues a scanty discharge composed of 
broken-down blood clot, of brownish color, containing bubbles of carbon- 
dioxide gas. 

Examination of the wound will reveal the following picture: 

1. The subcutaneous tissues are filled with lymph-like fluid containing 
bubbles of gas. 

2. The intermuscular septa and muscle sheaths are similarly filled 
with lymph-like fluid and gas; there is often separation between sheath 
and muscle tissue, extending beyond the wound for a considerable dis- 
tance. 

3. Accumulations of fluid and gas are found around the shaft of the 
bone or bones involved. 

4. The muscle tissues arc terra-cotta colored and avascular, and por- 
tions of muscle have disintegrated into foul-smelling necrotic masses. 
There is extensive gas infiltration of the muscle fibers. 

5. In consequence of the muscle changes, bands of fascia stand out 
prominently. 

6. Gas tends to spread along the perivascular tissues and planes of 
intermuscular connective tissues. 

Prognosis 

1. As Regards the Integrity of the Limb, a) Prompt recognition 
and treatment of type No. 1 will usually save the limb. 

b) In the localized gangrene type, the prognosis is fair, providing dis- 
tal circulation can be restored and the wound rendered surgically clean 
and mechanically drained. 

c) In the massive type of gangrene the limb cannot be saved. 

2. As Regards Life of the Patient. A sudden fall of temperature to 
subnormal, with rapid, shallow respirations, low blood pressure and cold 
extremities, indicates that the exotoxins are freely circulating in the 
blood. The mortality in such cases is 100 per cent. Early recognition of 
the massive type of gangrene with prompt, high, amputation, will save 
50 per cent of these cases. 
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Treatment 

1. A lacerated wound, especially if it involves deep muscle planes, 
which is kept wide open so that oxygen can come in contact with the 
bruised tissues, will not develop gas gangrene. Primary closure of such 
wounds is dangerous. 

2. A sudden change in the clinical picture of a patient with a lacer- 
ated wound demands instant revision of the wound. Should crepitus and 
other suggestive signs be elicited reopen the wound if it has been sutured, 
separate the fascial planes between muscle bundles. The wound is dusted 
with 5 gm. of sulfathiazole or sulfanilamide. The patient then is given 
sulfanilamide or sulfathiazole orally— 2 gm. as the first dose and then 1 
gm. three times daily until the condition improves. 

Before the advent of sulfa therapy and of penicillin, the chief thera- 
peutic remedy was administration of antitoxins aDd also local applica- 
tion of zinc peroxide. The mortality observed after this treatment was 
very high. In the recent years this treatment was replaced by adminis- 
tration of sulfa drugs and penicillin. The mortality by the latter method 
of treatment (sulfa drugs and penicillin) is considerably reduced. 

3. Delay bone repair, other than immobilization, and wound closure 
until all toxemia has disappeared. 
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Chapter III 


Anesthesia in Urgent Surgery 

By A. M. Dogltotti 

It is well known that insensitivity in surgical operations may be 
achieved by several methods. In emergency surgery that method must 
be applied which is the safest, simplest and quickest. The following is 
a brief description of those procedures which are more frequently used, 
leaving to the textbooks* on anesthesia the discussion of the finer par- 
ticulars and more complex technics. 

The means available for anesthesia can be divided into two major 
groups: (1) General anesthesia or narcosis: By inhalation, through the 
venous route, per rectum, or by hj-podermie injection. (2) Peripheral 
anesthesia: Local, regional, block and spinal. A separate group, supple- 
menting the general and peripheral anesthesia, includes the so-called 
prc-anesthetics or base-narcotics which aid in diminishing the patient's 
general sensitivity, thus serving as a preparatory' measure. 

NARCOSIS 

Narcosis is the administration of drugs the general action of which 
renders the patient insensitive to pain, inducing deep sleep for the dura- 
tion of a surgical procedure. Besides deep sleep and insensitivity, there 
are other factors rendering a narcotic acceptable to surgery, i.e., muscu- 
lar relaxation and suppression of the unconscious movements of defense. 
Furthermore, when narcosis is ended, former conditions must be re- 
stored without delay and with no secondary' or dangerous effects upon 
the structures and functions of the body. Of those narcotics which have 
these prerequisites, the following are to be preferred: (I) those which 
have the most rapid action and are quickly eliminated; (2) those which 
are more agreeable to the patient ; and (3) those which are easy to admin- 
ister. 

The last condition is important in emergency surgery, especially in 
war surgery'. The surgeon at a First Aid station must invariably operate 
with limited assistance and without the equipment of modem anes- 
thesia, and upon patients who are not in a condition to tolerate special 
preparation. Furthermore, he is confronted with the necessity of saving 
time so as to take care of several wounded who have arrived at the same 
time. 

• A M. Dogliotti, Anesthesia — Narcosis, Local. Regional, Spinal, S. B. Dcbour, Pub- 
Ushers, Chicago, 1039. 
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General Pathophysiology of Narcosis. It must be borne in mind 
that all narcotics diffusing in the body through the blood have a simul- 
taneous action on all tissues which have a different specific resistance. 
The inhibition that first takes place, followed later by arrest of function, 
occurs in an elective way in the cells of the central nervous system and 
in the cells of the different parenchymatous structures as well as the 
other tissues. This, however, is a reversible action which for the ordinary 
dose does not cause appreciable damage to the vital organs of the 
vegetative system. Only in prolonged narcoses, which require large doses 
of narcotics, or in individuals with advanced visceral lesions, the damage 
caused by the narcotic may be considerable and sometimes very serious. 
One should, therefore, abide by the simple but important rule to regulate 
the narcosis in such a way that it wall not endanger the patient. 

So far as the action of the narcotic on the different centers of the 
nervous system is concerned it is known that they run in a course favor- 
able to the surgeon’s objectives. It is important that he bear in mind at 
all times the course of the narcosis and its possible complications. 

The centers of the voluntary mobility and general sensitivity are the 
weaker. By increasing the concentration of the narcotic drug the func- 
tion of the spinal and cerebellar centers is later arrested. When the 
dosage exceeds the so-called toxic limit, the bulbar centers of respiration 
and circulation are the last to be affected. The interval between the on- 
set of muscular relaxation, the disappearance of reflexes and the first 
signs of damage to the bulbar centers of respiration and circulation is 
known as the “useful interval” or the “security margin.” A satisfactory 
narcosis must take place at the inferior and not the superior limits of this 
interval. 

Stages of Narcosis 

A typical narcosis is differentiated into four stages: (1) mental stupor 
and relative analgesia; (2) motor excitation and deep analgesia (cerebral 
stage) ; (3) muscular relaxation and total anesthesia (spinal stage) ; and 
(4) return or period of awakening. The literature describes a stage of 
asphyxia, or bulbar stage, which follows the third stage. It is suggested 
that this stage is a complication of the narcosis, due to an excessive dose 
rather than a stage of the typical narcosis, and this state of asphyxia 
should never be reached under any circumstances. 

The first stage begins when the first amount of the narcotic drug 
reaches the circulation. This stage is characterized by progressive psy- 
chic incoordination with increasingly deep change in external stimuli. 
The different types of physical sensitivity, especially that of pain, are 
weakened while the patient experiences abnormal auditory, visual and 
gustatory sensations. The higher mental functions are always more af- 
feefe'd, and a recollection of events during this stage is vague, similar 
to the memory of a dream. On the other hand, there are no appreciable 
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changes in blood pressure, pulse, respiration, color of the skin, and the 
pupils, except in very apprehensive and sensitive individuals who were 
not given prenarcotics. 

In the second STAGE consciousness is almost completely lost and, 
therefore, the patient does not, as a rule, remember anything from then 
on. There are some typical signs of motor excitement, more or less 
marked according to the type of patient, administration of prenarcotics, 
and to the kind of narcotic applied. 

The patient’s movements are uncontrolled; tonic contractions, es- 
pecially of certain muscular groups, i.e., masticatory, dorsal and exten- 
sor muscles of the extremities are present. The patient frequently 
screams without any reason and complains and speaks confusedly. Res- 
piration is irregular and there are deep respiratory movements alternat- 
ing with short periods of dyspnea. The pulse becomes fast and blood 
pressure rises, especially with ether, gas or ethylene chloride; the cu- 
taneous temperature increases, the pupils become slightly myotic and 
the tendon reflexes are weakened. There is a red congestive discolora- 
tion of the skin with ether and ethylene chloride, bright red coloring with 
acetylene and narcilene, and slight cyanosis with nitrogen protoxide. 

The third stage or deep narcosis is characterized by complete sus- 
pension of all psychic activities, abolition of reflexes, complete physical 
insensibility, and considerable relaxation of the striated musculature. 
Only the function of the respiratory muscles persists although dimin- 
ished in range. Respiration becomes more regular with an increase in 
frequency as compared to the initial phase. The pulse rate, which had 
increased in the stage of motor excitement, drops to almost normal 
limits. Blood pressure is decreased under narcosis with chloroform, aver- 
tin, and endovenously employed barbiturates; it remains at an almost 
normal level in ether narcosis and rises in narcosis with gases. The pupils 
become myotic and do not react to light in deep narcosis. Observation 
of the pupils is very important because a sudden dilation without a 
corneal reflex indicates imminent danger of paralysis of the bulbar cen- 
ters, In such an event the mask must be removed immediately, and cir- 
culation as well as respiration must be stimulated. In very deep narcosis 
the conjunctival reflex disappears and the corneal reflex is very weak or 
absent. Absence of the corneal reflex indicates that the narcosis is close 
to the danger point and, therefore, further administration of the nar- 
cotic must be watched very carefully. 

Stage of Awakening. When the narcotic is no longer administered, 
the body begins to eliminate it progressively, the time varying according 
to the type of narcotic employed. Upon observing the patient, after 
operation, a gradualreturn of the functions temporarily inhibited sets in; 
reappearance of the tendon reflexes, increased pulse rate, deepened 
respiration and, finally, a gradual return of all other forms of sensibility 
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and consciousness. Usually, there is a second stage of motor excitement 
and finally all effects of the narcosis subside. 

Accidents Caused by Narcosis 

Only the more common and dangerous accidents occurring with nar- 
cosis are mentioned here. Rare accidents and postoperative complica- 
tions can be found in manuals on anesthesia. 

Cardiovascular accidents occur by the direct action of drugs upon 
the heart and nervous centers which regulate the circulation. These 
accidents may take place at any time during narcosis and are due 
chiefly to an excessive dose. Conditions of special weakness of the heart 
and nervous centers, congenital or acquired, such as shock, severe ane- 
mia, toxemia, visceral damage and the like, are the most frequent causes 
for accidents of this type. 

Sudden Arrest of the Heart at the Beginning of Narcosis. 
This is a very serious accident which is extremely rare since chloroform 
has been discarded. It practically never occurs with ether or gas. It may 
ensue in exceptional cases when ethylene chloride is employed or after 
intravenous administration of barbiturates; it is then due to large initial 
dose in the presence of a marked weakness of the bulbar centers. The 
mechanism of a reflex inhibition, following a severe irritative stimulus 
of the mucosa of the upper respiratory tract, is considered to have lost 
most of its former importance. The introduction of prenarcotics, which 
decrease the direct sensitivity and anxiety of the patient, has proved 
very useful in preventing such a reflex mechanism. Furthermore, the 
general practice is to begin the narcosis with a very small inital dose and 
to increase it gradually. 

Arrest of the Heart in Advanced Stages of Narcosis. This con- 
dition is usually due to an excessive dose. This accident will not occur if 
the anesthetist observes the patient carefully and increases the dose of 
the narcotic with caution. As a rule, the heart stops after the arrest of 
respiration, and there are warning signs of cardiovascular insufficiency, 
such as small pulse, low blood pressure, pallor and marked cyanosis. 
The heart may stop beating before respiration ceases. In such a case the 
anesthetist has to recognize the danger and take the necessary measures. 
The narcosis must be stopped at once, artificial respiration given and 
carbogen (oxygen plus 5 per cent COs) administered. Coramine or caf- 
feine may be injected intravenously. In serious cases, 5 mg. of adrenalin 
is injected intravenously while artificial respiration is maintained and 
the precordial region vigorously massaged. If after two to three minutes 
the heart is still not beating, more potent measures have to be employed, 
such as intracardiac puncture and direct massage of the heart. 

Intracardiac Injection. With this method the life of the patient is 
sometimes saved, and it should be employed in every case of arrested 
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heart beat due to narcosis. To render this method successful intra cardiac 
injection should be performed not later than five minutes after the heart 
has stopped beating. 'While artificial respiration and massage of the pre- 
cordial region is maintained by one assistant and the intravenous in- 
jection is given, another assistant should prepare the equipment for an 
intracardiac injection. This consists of a thin, long needle to puncture the 
right ventricle and two syringes, one of which is filled with veritol or caf- 
feine, the other with 5 cc. of physiologic solution and 4 cc. of 1 per cent 
solution of adrenalin. The elective point for the injection is the fourth 
intercostal space, clo c e to the costal margin. The needle must be intro- 
duced 3 to 4, sometimes 5 cm. in depth and in a slightly oblique direc- 
tion toward the median line. The needle must be applied quickly and 
forcibly to overcome the resistance of the cardiac muscle. The first 
syringe with caffeine and veritol is injected as Boon as blood flows from 
the needle which is left in place while artificial respiration is continued. 
If after twenty to thirty seconds the heart beats are not restored, the 
second syringe (diluted solution of adrenalin) is injected. Then the 
needle is removed while artificial respiration is maintained with rhyth- 
mic, strong compressions of the chest. 

Direct massage of the heart may be applied as a last resort in 
abdominal operations after the peritoneum has already been opened. 
In such a case the surgeon introduces his hand into the abdominal cavity 
to reach the diaphragm which, being Telaxed, will allow rhythmic com- 
pression of the heart. If the abdomen is not open, the outcome of a 
laparotomy is very doubtful and, therefore, the surgeon should limit 
himself to external maneuvers. 

Respiratory Accidents. During the first and second stages of nar- 
cosis laryngopharyngeal spasms and contractions of the respiratory 
muscles often take place. The former may be explained by the irritating 
action of the narcotic upon the upper respiratory tract, the latter bj' the 
same mechanism which produces spasms of other muscle groups. By 
preparing the patient with prenarcotics, administering the narcotic 
slowly, and keeping the respiratory passages free, the frequency and 
severity of these accidents may be greatly reduced. 

The treatment consists of forcible elevation of the lower jaw and, if 
this proves ineffective, the introduction of a tube of the Mayo type into 
the pharynx. 

Periods of apnea, sometimes lasting half a minute or longer, may be 
observed in the first phase of narcosis. This is due to a reflex respiratory 
inhibition or to a persistent spasm of the respiratory muscles. Usually 
the apnea is easily controlled by raising the jaw or exerting slight trac- 
tion on the tongue after a gag has been applied. In some ca^es, it is con- 
venient to slap the patient's face slightly with the hand or a wet towel. 
In more persistent cases the apne3 can be controlled by rhythmic com- 
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pressions of the chest. Sometimes apnea follows acapnia which is caused 
by excessive pulmonary ventilation, as after a period of hyperpnea. In 
these cases respiration is resumed spontaneously as soon as the body 
has sufficient accumulation of carbon dioxide: it can be enhanced by let- 
ting the patient inhale carbogen (Ot+5% CO z ). 

A true respiratory paralysis may be due to an excessive dose at 
any period of narcosis. It rarely occurs at the onset when it is caused by 
an excessive initial administration. It is more frequent in the period of 
deep narcosis when it is obviously due to accumulation of the anesthetic. 
The respiratory paralysis has to be taken into consideration in extensive 
narcoses, in patients in a serious condition of shock, anemia or some form 
of toxemia. It is usually preceded by gradually reduced amplitude of the 
respiratory movements and, therefore, the careful anesthetist will pre- 
vent its occurrence. As a rule, it is sufficient to discontinue the anes- 
thetic at the first signs of respiratory depression until respiration is 
gradually resumed. If this fails, stimulants like coraminc, veritol and 
caffeine must be given, and if the respiratory function is still reduced or 
completely suspended, artificial respiration must be given without delay 
and, at the same time, a mixture of oxygen and carbon dioxide admin- 
istered. Rhythmic tractions of the tongue and mechanical stimuli on the 
skin of the face also are very useful. 

When the patient is lying on his back the best method to apply arti- 
ficial respiration is to lower his head, introduce gag and tongue tractor 
to prevent the tongue from dropping into the pharynx, and then start 
rhythmic compresssions on the arms alternating with chest compres- 
sions. By grasping the wrists of the patient his arms arc brought upward 
to the side of the head, pulling them energetically for one or two 
seconds; then the arms are brought back anteriorly and in a flexed posi- 
tion against the chest, thus compressing it to achieve a complete ex- 
piration. About ten to twelve complete movements should be performed 
in one minute, such movements being calm and even. At the same time 
carbogen and stimulants like lobeline, coraminc, veritol or caffeine are 
administered. 

Generally, with this technic complete pulmonary ventilation is at- 
tained and, within a few minutes, sufficient narcotic is eliminated to re- 
establish respiration. In more persistent cases, especially when there is 
little possibility for good thoracic expansion, active artificial respiration 
must be given while direct insufflation of a mixture of 0 2 and C0 2 into 
the respiratory system is carried out. 

This is best achieved by rhythmic insufflation into the trachea. How- 
ever, the necessary instruments for tracheal intubation must be em- 
ployed. If such instruments are not available, the mixture of gases may 
be insufflated, rhythmically and under pressure, into the mouth or 
through the nose, keeping these openings well closed and the stomach 
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compressed in order to prevent the passing of the gas through the 
esophagus. With an active distention of the chest under moderate pres- 
sure 20 to 30 mm. Hg. spontaneous respiration is attained through the 
elasticity of the chest. In cases of tracheal obstruction due to tracheal 
softening, direct insufflation into the trachea is indicated by means of a 
tracheotomy opening. 

Technic of Narcosis 

NAitcosrs bv Inhalation. This is achieved by inhalation of narcotic 
ga c es in a gradually increasing concentration, until the desired result is 
obtained. The narcotic passes into the general circulation because of its 
solubility in the blood, circulating through the capillaries of the pul- 
monary alveoli. When administration of the narcotic is suspended it is 
eliminated principally by the same route and only a small part escapes 
through other organs. The more commonly employed narcotics for in- 
halation are: ether, ethyl chloride, the narcotic gases, i.e., protoxide of 
nitrogen, ethylene, narcilene and cyclopropane. Chloroform is very 
rarely used because it is highly toxic. However, some surgeons still use 
it mixed with ether and ether chloride. 

Ether. Ethylic ether or ethyl oxide (CjH s )iO is a colorless, clear fluid, 
with a characteristic odor. It easily dissolves fats, is highly inflammable, 
and has a boiling point of 98° to 100°C. With the use of closed masks, 
however, volatilization of this gas in the operating room is slight and 
the risk of fire or explosion is virtually non-existent. 

Methods. The oldest method of administering gas is with the open 
mask of the Esmarch-Schimmelbuseh type. An impermeable cloth or a 
wet towel must be placed upon it to limit dispersion of the gas. This 
method requires a large amount of ether to obtain the required concen- 
tration of gas in the inspired air and is now, therefore, used only for chil- 
dren for whom it is not advisable to limit the concentration of oxygen 
while it is dangerous to have an accumulation of carbon dioxide. 

In ca*e$ of adult patients, it is advisable to use any apparatus suitable 
for mixed narcosis or a semi-closed adjustable mask of the well know n 
type of Ombrt-danne. The author improved upon this type with the 
following advance over the original mask of Ombrfdanne: (1) ether, nar- 
cotic mixtures, ethyl chloride and narcotic gases may be administered 
separately or simultaneously; (2) oxygen and carbon dioxide may be 
given without moving the mask; (3) the filters which hold the ether may 
be easily changed and sterilized, thereby overcoming the disadvantages 
of the Ombredanne mask which becomes moist after narcosis has been 
given, thus presenting some difficulty and also risk for later use. This 
improved apparatus is light and practical, and extensive experience on 
the part of the author has proved its superiority over many other 
types. 
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Technic of Ether Administration. When the open mask, such as de- 
scribed here, is used, it is covered with impermeable linen or paper, leav- 
ing a small opening in the center through which the ether is poured drop 
by drop. With a semi-closed mask or an apparatus for mixed narcosis 
the ether is given through a minute opening in the ether container. It is 
advisable to ask the patient to count slowly and loudly to divert his at- 
tention and regulate his respiration. Should defensive muscular spasm or 
voluntary apnea follow due to the irritative action of the ether, the 
amount of gas must be reduced by removing the mask for a few seconds. 
If the patient struggles considerably, narcosis should be started with 
ethyl chloride or gas until consciousness is lost and the period of agita- 
tion and spasm is initiated. Then the ether is increased, in our type 
or a similar mask, to the maximum graduations (4 to 5 in our mask). 

As soon as muscular relaxation is attained the amount of ether is 
again reduced (2 to 3 in our mask) while carefully watching the pulse, 
respiration, color of the skin and ocular reflexes. When relaxation has 
reached its depth, the amount of ether is kept at its lowest level, al- 
though a return to the second period, which is characterized by con- 
tractions, especially of the abdominal and respiratory muscles, must be 
prevented. With our mask the narcosis is maintained with the pointer at 
2 . 

Wien it is difficult to keep open the upper respiratory passages, 
Mayo’s oropharyngeal tube may be introduced at the onset of the third 
stage. With our apparatus, the narcosis may at any time be quickly 
intensified by adding small amounts of ethylene chloride (pressing on 
the button close to the insertion of the small tube of the ethylene chlo- 
ride). In the same way, awakening may be facilitated by bringing the 
indicator of the ether down to zero and allowing carbogcn to flow into 
the mask through the special connection to which is attached the rubber 
tube of the carbogen container. Generally, the administration of ether 
ceases when the surgeon begins to suture the skin. 

Ethyl-chloride, kelene, or ether ethyl-chloride (C 5 H S CI) is a colorless, 
clear, inflammable fluid with a characteristic odor, and very fast evapo- 
ration, with its boiling point at 11° to 12°C. It is obtainable in hermeti- 
cally sealed, small tubes. When used as a narcotic it is poured drop by 
drop on an ordinary Esmarch mask, or it is administered by an appa- 
ratus devised to facilitate application. 

The narcotic action of ethyl chloride is as speedy as its elimination. 
This presents a great advantage but also a risk because of the toxic 
accumulation, especially in consideration of the small margin of toler- 
ance between the period of deep narcosis and of the bulbar centers. 

Administration with Open Masks. The Esmarch type of mask is 
covered with gauze and impermeable linen, leaving a central opening. 
The mask is applied to the face of the patient and a few drop's of the 
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narcotic are poured into the opening. A minimal dose should be given 
at first to avoid defense contractions of the glottis and voluntary apnea. 
The patient is encouraged to talk and count. By gradually increasing 
the dose the patient loses consciousness alter two to three minutes; the 
period of excitement sets in with marked contractions especially if pre- 
narcotics have not been administered. During this period many minor 
operations which do not involve exposure of the major cavities may be 
performed. 

To achieve muscular relaxation the dose must be further increased, 
but it must be taken into consideration that ethyl chloride is not a suita- 
ble narcotic for this purpose, due to the small margin of safety between 
relaxation and the moment of danger of paralysis of the respiratory and 
circulatory centers. A skilled anesthetist, however, may obtain the best 
results by observing these rules: (1) Begin with a minimal dose; (2) al- 
low at least five minutes for the onset of deep narcosis; (3) avoid cyano- 
sis by allowing active oxygenation throughout the anesthesia. The pa- 
tient awakens within a few minutes and toxic complications are minimal 
and of short duration. However, a copious tracheal secretion is quite a 
common occurrence, more so than with ether narcosis. This may be pre- 
vented by injecting atropin together with the prenarcotic. Vomiting is 
frequent and usually subsides within one hour alter the narcosis. 

Nitrogen Oxide (Nitrous Oxide). This is an excellent narcotic for short 
anesthesia when complete muscular relaxation is not required. It is ad- 
ministered with one of the different types of apparatus for gas narcosis. 
The characteristics and use of these apparatuses are described in the 
textbooks on anesthesia. The best results are obtained by using pure 
nitrogen oxide with 10 per cent oxygen. This mixture acts quickly and 
complete anesthesia is attained within two minutes for a brief surgical 
operation. This anesthetic is eliminated with equal speed, and there 
are no disturbances afterward because the substance is virtually devoid 
of toxicity. It is safe to administer this narcotic even repeatedly. 

Ethylene and Narcilene. These anesthetic gases, owing to their min- 
imal toxicity, are well tolerated by patients even in a serious state. They 
may be administered as a mixture with 15 to 20 per cent oxygen or with 
ether, using one of the common types of apparatus for gas anesthesia. 

Deep anesthesia is reached within eight to ten minutes and any major 
operation may be performed. For abdominal operations requiring com- 
plete relaxation, a small amount of ether is usually mixed with the gas. 
The gases are speedily eliminated without any damage to the organs or 
systems. Only an expert anesthetist can properly control an apparatus 
for mixed gas nareoris, thus attaining with safety the best results with a 
minimal amount of gas, with the use of the rebreathing method. There 
is, however, some danger of explosion, and the anesthetist must prevent 
as much as possible dispersion of the gases. The surgeon must avoid the 
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use of an electric scalpel or a thermocautery close to the face of the pa- 
tient. 

Cyclopropane. In recent years this gas has taken the place of ethylene 
and narcilenc, because it is equally free of toxic effects and has a quicker 
and deeper narcotic action with a much smaller concentration. While the 
concentration of nitrogen oxide should be 90 per cent, that of ethylene 
80 to 85 per cent, and of narcilcne 70 per cent, that of cyclopropane 
should be only 10 per cent to achieve corresponding results. It is only 
with a concentration of more than 30 per cent that any risk to cardiac 
function and of renal damage become manifest. 

Narcotic Mixtures and Mixed Narcosis. An expert anesthetist uses 
mixed narcotics if the necessary equipment is at his disposal. It is es- 
pecially in emergency surgery, when it becomes necessary to start the 
narcosis quickly, that ethyl chloride and nitrous oxide arc used with 
ether or other gases. At times, particularly in some European countries, 
mixture of liquid narcotics are employed to derive all the advantages of 
the different components without having to reach a dangerous dose of 
any one gas. Practically, however, the results are no better than when 
one uses only the less toxic narcotics of the mixture. Ether is contained 
in almost all mixtures, and the author believes that pure ether anes- 
thesia is, as a rule, superior to the different mixtures. 

While on the subject of mixtures, there is disagreement as to their rela- 
tive value. The following are the most frequently used: (I) Billroth’s 
mixture: one part of alcohol, three parts of ether, one part of chloro- 
form; (2) A. B. C. mixture of the English: one part of alcohol, three parts 
of ether, two parts of chloroform; (3) Schleich’s mixture: ether CO, 
chloroform 20, ethylene chloride 10 parts. Similar mixtures are those 
of Wulfing and Pelot. 

Narcosis per Rectum. This type of narcosis is not frequently em- 
ployed in emergency surgery and is, therefore, not described at length 
in this discussion. Narcosis per rectum requires a special preparation of 
the patient and more time to achieve the necessary results. Moreover, 
the patient has to be under careful observation owing to slow awakening. 

The following is a brief description of the method which can be readily 
employed, provided enough time is available and the operator has ex- 
perience in its administration and control: 

Narcosis with Ether Oil. On the day prior to the operation the pa- 
tient is given an enema because the absorbing power of the large bowel 
is not affected as it would be if the enema were administered on the day 
of the operation. However, the enema is not essential. The patient is 
given one of the general pre-anesthetics as in other methods of anes- 
thesia. A formula is prepared as follows: pure olive oil, 1 gm. per kg. of 
body weight, pure ether for narcosis, 2 gm., per kg. of body weight; in 
other words, for a patient weighing 70 kg. mix 140 to 150 gm. of ether 
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with 70 to 80 gm. of oil. This dose may be slightly decreased or increased 
according to the patient’s general state of resistance. An ordinary’ rectal 
tube or preferably one suitable for proctoclysis with an enlarged tip at 
its end is used. The mixture is slowly injected into the rectum and is 
administered in two do*cs in intervals of ten minutes; four to five min- 
utes should be allowed for each dose. The tube is clamped and kept in 
place during the interval between the two injections and remains in the 
rectum after the last dose has been given. Absorption through the 
mucosa of the descending colon, the sigmoid and rectum proceeds gradu- 
ally. After fifteen to twenty minutes narcosis sets in slowly and smoothly. 
The stage of excitement is usually short and slight. Anesthesia persists 
about one hour. It is not advisable to increase the dose when the narco- 
sis is not sufficiently deep and muscular relaxation is not achieved. Small 
amounts of ether may be administered by inhalation. In this way the 
narcotic effects may be enhanced without danger to the patient. On the 
other hand, the narcosis can be checked when an ovcrdo c e becomes 
evident. Awakening takes place gradually within about two hours. 

When there are signs of overdose, i.e. circulator}' and respirator}- de- 
pression, the clamp is released and an enema of cold salt solution is given 
to stimulate the respiratory function. As a matter of fact, the absorbed 
ether is eliminated principally through the lung 1 ?. For this reason, arti- 
ficial respiration, an injection of lobeline and caffeine, and the adminis- 
tration of carbogen produce the desired result within a few minutes. 

Intravenous (Endo-venous) Narcosis. With the introduction of 
the barbiturates intravenous anesthesia has acquired great importance. 
This type of narcosis is of special value in emergency surgery because it 
meets many requirement*, such as the need for operating with little 
assistance and in a short time. Intravenous narcosis does not necessi- 
tate special preparation of the patient except an intramuscular injection 
of one of the usual pre-anesthetics one-half to one hour prior to opera- 
tion. Some pre-anesthetics, such as pantopon, may be administered in- 
travenously as late as ten minutes before the narcosis. 

The narcotic acts so quickly that operation can be begun four to five 
minutes after intravenous injection. The onset of the narcosis causes the 
patient no unpleasant sensation or memory. Furthermore, patients in 
a poor general condition tolerate this type of narcosis unless they have 
advanced hepatic damage or marked hypotension. 

Awakening takes place rapidly so that twenty to thirty minutes after 
the narcosis is ended the patient does not require any supervision. The 
technic is simple, consisting of the slow and continuous intravenous in- 
jection of the drug during operation. Any physician, even without ex- 
perience in anesthesia, may perform the injection under the supervision 
of a surgeon. The course of the anesthesia is similar to that of narcosis 
by inhalation. Sometimes, especially with' eunarcon, there is a mote 
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pronounced period of excitement prior to deep narcosis with relaxation. 

This type of narcosis is indicated in almost all superficial operations, 
especially of the face and neck when an inhalation mask would be dis- 
turbing. It is less desirable for those abdominal procedures which ne- 
cessitate complete relaxation which is not always attained with the pre- 
scribed dose. It is contraindicated in operations which last more than 
forty to sixty minutes, and for patients with advanced hepatic and renal 
damage or with marked hypotension. 

Sodium Evipan ( Evipat ). Sodium evipan, or N-methyl-C-C-cicloesenil- 
methyl-malonil-urea is the popular barbiturate for intravenous use and 
quick action. It can be obtained in a fixed 10 per cent solution. The 
technic of the intravenous injection is the usual. The syringe is filled with 
10 cc. of the solution, equal to 1 gm. of the substance, and the injection 
is made as follows: (1) The solution is injected very slowly at first so 
that the first 1 to 2 cc. of the solution takes one to two minutes; then the 
speed of the injection is increased and 1 cc. is injected every thirty sec- 
onds. The patient is watched as in any other form of narcosis. In a pa- 
tient of normal size and resistance, 5 to 7 cc. is usually adequate to 
permit the beginning of an operation. (2) One-half to 1 cc. is injected 
each time, repeating every two to three or more minutes, according to 
the progress of the narcosis. The anesthetist has to regulate the dose 
according to the state of the narcosis. It has to be borne in mind that, as 
for all other narcotics, a set dose does not exist. There is no definite num- 
ber of cubic centimeters to obtain identical results, the amount varies 
with the patient. In each case the depth and length of the narcosis may 
be increased or decreased by a greater or lesser amount of the narcotic. 
The drug disintegrates very rapidly in the body, especially in the liver 
and when the injection is discontinued the symptoms of narcosis soon 
disappear. (3) The maximum dose for a medium sized and resistant pa- 
tient ranges safely between 10 to 20 cc. (1 to 2 gm. of the drug). Larger 
doses may bo injected for prolonged narcosis but the operator must 
guard against depression of the circulation and respiration. With large 
doses there is a longer period of depression after the operation, due to 
the slow and difficult disintegration of the drug and cumulative phenom- 
ena. 

Eunarcon, narcotene, endonarco, and like preparations are narcotics 
with effects similar to those of evipan. The technic of their administra- 
tion is the same; the results show' only slight variations. 

PERIPHERAL ANESTHESIA 

This group comprises all methods involving temporary interruption 
of the function of the nervous fibers at any point between their terminal 
ends and the. nervous centers. This is achieved by injecting anesthetic 
solutions in the following .way: (1) At the place of the terminal ends of 
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the nerve, in the area of the operation and the surrounding region: 
local and regional anesthesia. (2) Around the nerves that innervate the 
region of the operation: troncular or block anesthesia (Reclus-Braun 
method). (3) At the region of the large nervous plexuses: plexic and 
paravertebral anesthesia. (4) At the level of the nerves and spinal 
ganglia in the extradural space: peridural segmentary anesthesia (Dog- 
liotti’s method) and epidural sacral anesthesia (Coming-Bier method). 

Peripheral forms of anesthesia which act on the mixed nerves usually 
produce at the same time block of the sensory fibers ( true analgesia) 
and of the motor fibers (akinesia), leading, therefore, to insensitivity and 
muscular relaxation of the groups innervated by the anesthetized nerv- 
ous branches. The more centrally the nerves are blocked, the more 
nervous branches will be involved; therefore, muscular relaxation will 
be more marked. 

The chief advantage of peripheral anesthesia lies in the possibility of 
limiting the action of the drug to one part of the body. In this way the 
nervous centers are not endangered and the circulatory and respiratory 
systems and the large parenchymatous organs arc not affected by the 
toxic action of the narcotic. 

Many surgeons, including the author, have extended the use of pe- 
ripheral anesthesia in normal surgery to such a degree that two-thirds of 
the operations arc carried out under this type of anesthesia, limiting 
general narcoris to children and very nervous and anxious patients as a 
supplement to the incomplete peripheral anesthesia, and al«o in special 
ca«es for which general narcoris is more suitable. 

In emergency surgery peripheral anesthesia, while important, is re- 
stricted beeau 4 ** of the need for speed and the frequency of septic proc- 
esses in which local or regional anesthesia is frequently contraindicated. 
However, some types of peripheral anesthesia may be valuable in emer- 
gency surgery, especially the subarachnoidal spinal anesthesia, in opera- 
tions upon the kidneys, abdomen, pelvis and lower extremities, while 
local, direct anesthesia is suitable for closed reduction in fractures. 

A very important factor in peripheral anesthesia is the employment 
of prenarcotics to aid the reduction of psychic trauma. Furthermore, 
consideration has to be given to the use of a light supplementary’ narco- 
sis, such as ethyl chloride, gas, or the intravenous injection of barbitu- 
rates, when peripheral anesthesia proves inadequate. Thus the operation 
may be completed with a minimal amount of narcotics and at the same 
time the risks of narcosis are reduced to a minimum. 

Anesthetics with Local Action and Their Dosages 

Cocaine was the first substance used to obtain local anesthesia (Karl 
Holler, 1884). Today cocaine is limited to superficial applications in 
anesthesia of mucous membranes, especially in otorhinolaryngologic 
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Fio. 31. Typical sites for injection of anesthetic solution. I. Subarach- 
noid spinal anesthesia. II. Peridural segmentary spinal anesthesia. 
III. Subcutaneous anesthesia. IV. Nerve-block anesthesia. V. Pararectus 
anesthesia: 1. properitoneal injection, 2. injection between the muscles of 
the abdomen, 3. injection into the subcutaneous tissues. VI. Midline local 
anesthesia. 


practice. For this purpose very concentrated solutions are employed (5 • 
to 10 per cent). The technic consists of the application of saturated 
gauze or cotton to the mucous surfaces for ten to fifteen minutes. 
Novocain has an anesthetic power four to five times greater than 



76 


URGENT SURGERY 


cocaine and is ten times less toxic. It is widely used in all forms of pe- 
ripheral anesthesia in the following solutions and doses: (I) For local 
anesthesia by infiltration: aqueous solutions, £ to 1 per cent with 1 cc. 
adrenalin (1.0:1000.0) for every 100 cc. The maximal dose to be in- 
jected in a normal adult is 2 gm. of the substance, equivalent to 200 cc. 
of 1 per cent solution. (2) For nerve block, plexus or peridural anesthesia: 
2 per cent aqueous solution with 1 cc. adrenal (1.0:1000.0) for every 
100 cc. of the novocainc solution; maximum do'-e is 80 to 100 cc. (3) For 
subarachnoid anesthesia: dissolve 8 to 14 centigrams of the substance 
in the spinal fluid, or inject 2 to 3 cc. of a 4 per cent solution in distilled 
water without adding adrenalin. 

Pehcain and Pantocain have an anesthetic power ten times greater 
than that of novocaine and are four to five times more toxic. The doses 
are: (1) In local infiltration anesthesia: 0.2 per cent solution with I cc. 
adrenalin (1.0:1000.0) for every 100 cc.; maximal dose 100 to 150 cc. 
(2) Block, plexus and peridural anesthesia: 0.5 per cent solution with 
I cc. adrenalin (1.0:1000.0) for every 50 cc.; maximal dose 40 cc. (3) 
Subarachnoid spinal anesthesia: maximal dose 1 centigram to be dis- 
solved in the spinal fluid, or in 2 to 3 cc. distilled water to obtain a 
solution of 0.4 per cent. The anesthetic action of percaine prevails about 
two hours. 

General Remarks on the Pharmacologic Action of Local Anesthetics 

The action of local anesthetics directly affects the nervous fibers that 
come in contact with the anesthetic solution by imbibition of the axis 
cylinder and not by swelling of the myelinic membrane as was believed 
until recently. Donaggio has shown that during the period of anesthesia 
the nervous fibers present evident morphologic changes which explain 
their interrupted function. This is a temporary and reversible lesion of 
which no trace may be found after the anesthetic solution has been ab- 
sorbed and eliminated. However, these lesions may become permanent 
and cause the involved fiber to deteriorate if the anesthetic drug is al- 
lowed to act uninterruptedly for more than twenty-four hours (Malan). 

The general action of local anesthetics is exerted through the circula- 
tion with phenomena of hypotension, slow respiration, dizziness and 
nausea. This, however, is not a pronounced action and alarming symp- 
toms appear only in the event of overdosage administered to sensitive 
patients or those in poor general condition. No lasting appreciable ef- 
fects have been apparent in the different organs or systems. 

When vasoconstrictive substances, such as adrenalin, are added, the 
anesthetic action is noticeably enhanced, because these retard absorp- 
tion in the circulation of the anesthetic solution. Thus an intensified and 
protracted action on the nervous fibers of the injected area is secured. 
Furthermore, the same degree of anesthesia may be achieved with a 
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lesser amount of anesthetic and, therefore, with less general toxic dis- 
turbances. 

A further advantage in this combination is the possibility of attaining 
a temporary local ischemia which, within certain limits, facilitates the 
operation. A similar, though weaker, effect than in the case of adrenalin 
may be achieved with vasopressin, ephedrin and corbasil. 

The use of adrenalin has become common in the loco-regional nerve 
block, plexus and peridural anesthesias. In anesthesia of large nervous 
trunks the use of adrenalin is essential because the anesthetic solution, 
injected in the vicinity of the nerve, penetrates it very slowly. 

In subarachnoid spinal anesthesia the use of vasoconstrictor sub- 
stances is dangerous and, therefore, inadvisable, especially since the 
secondary disturbances, i.e., headache, dizziness and radicular pain, 
are more intense. In the loco-regional type, anesthesia becomes appar- 
ent gradually after the solution is injected. It reaches its maximum 
about ten minutes after injection and lasts from fortj’-fivc minutes (no- 
vocainc) to one and one-half to two hours (percaine). In the nerve block, 
plexus and peridural anesthesia, narcosis appears to set in after fifteen 
to twenty minutes due to the penetration of the large nervous trunk; 
it lasts one to two hours, according to the solution used. 

The dangers of local and regional anesthesias are essentially con- 
nected with the entrance of the solution into the circulation when a 
technical mistake has been made or the vitality of the injected tissue 
has been damaged. When the injection is erroneously made into a blood 
vessel, general disturbances like pallor, dizziness, nausea and vomiting, 
marked circulatory hypotension and choking sensation will appear im- 
mediately. Only when a very large amount of anesthetic is injected 
into the circulation will the patient’s life be endangered due to bulbar 
paralysis with cessation of respiration and heart action. This, however, 
rarely occurs. Similar transitory disturbances of this type may be ap- 
parent in anesthesia of vascular tissues which absorb the anesthetic very 
rapidly; these are the neck, perineum, peridural and epidural spaces. 

To prevent such complications the surgeon has to aspirate after each 
movement of the needle before the anesthetic is injected. If blood ap- 
pears, the needle must be moved. In. vascular tissues the solution must 
be injected very slowly. If disturbances occur, circulatory and respira- 
tory stimulants must be injected and, if necessary, artificial respiration 
must be given with inhalation of carbogen. 

When the solution containing adrenalin is injected into an artery, 
sudden ischemia may occur in the affected region and circumscribed 
areas may become necrotic. 

As far as the local damage to the vitality of the injected tissues by the 
anesthetic is concerned, one should fear damage produced when the 
solution injected contains a high percentage of adrenalin. Many cases 
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have been reported of delayed healing of the surgical wound and even 
marginal necrosis; moreover, infectious, diffused processes have set in 
from the operative field to the injected area. Therefore, local anesthesia 
should be strictly avoided in operations of infected tissues. 


General Rules for Peripheral Anesthesias 
The instruments required for peripheral anesthesia are simple and 
may be reduced to a syringe and some fine needles. However, it is ad- 
visable to use a 10 to 20 cc. syringe of record type, equipped with three 
rings which make possible a more exact technic. A series of needles with 
"bayonet” attachments to the syringe is likewise useful. The needles are 
of different length and must be thin, unbreakable, sharp and have short 
points. It is important to keep the needles sharp so as to reduce the 
patient's pain. Moreover, the needles must be thin so that possible prick- 
ing of vessels or organs may prevent additional risks. The anesthetic 
solutions may be obtained in sterile vials or may be prepared for each 
administration by dissolving the anesthetic substance (tablets or pow- 
der) in physiologic solution. The latter maj r be sterilized by boiling; 
adrenalin is added immediately before use. The following table lists the 
more commonly used anesthetic solutions: 

Solutions for Loco-regional Anesthesias 

Maximal Dose: 


Novocain 0.5-1 .0%-j-l cc. adrenalin 

(1,0:1,000,0) per 100 cc. solution 300 cc. 

Stovaine 0.5-1. 0%-f-l cc. adrenalin 

(1,0:1,000,0) per 100 cc. solution 150 cc. 

Percaine 0.1-0.2%-f 1 cc. adrenalin 

(1.0:1,000.0) per 100 cc. solution 150 cc. 

Pantocain 0.1-0 2%+l cc. adrenalin 

(1.0:1000.0) per 100 cc. solution 60 cc. 

Solutions for Nerve Block, Plexus and Peridural Anesthesias 
Novocain 3%+l cc. adrenalin (1.0:1000.0) per 50 cc. solution 50 cc. 
Percaine 0.4%-hl cc. adrenalin (1.0:1000.0) per SO cc. solution 30 cc. 
Triplocaine 30 cc. 


The vials of triplocaine, as u«e<l by the author, for peridural anesthesia, have 
the following composition: percaine 0.04 gm., pantocain 0.04 pm., novocain 
0-10 gm. ephedrine 0.50 cc., adrenalin (1.0:1000 0) 0.5 cc., sodium chloride 0 2 
gm., distilled water 30 cm. 


Solutions for Spinal Subarachnoid Anesthesia 

Novocain 

Stovaine 

Tutocain 

Tropocainc 

Percaine and Pantocain 


10-14 Centigrams 
8-10 Centigrams 
4- S Centigrams 
4- 8 Centigrams 
1 Centigram 
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Solutions for Anesthesia of the Mucous Surfaces (Contact Anesthesia) 

Cocaine 6-10% 10 cc. 

Percaine and pantoeain 2% (in otorhinolaryngology) 10 cc. 

Percaine and pantoeain 0.5% (in urology) 20 cc. 

Technic of Loco-regional Anesthesia. The anesthesia may be car- 
ried out on the operating tabic or in the preparatory room and all rules 
for asepsis employed. The anesthetist should wear sterile rubber gloves 
when preparing the region to be anesthetized by disinfecting the skin 
with tincture of iodine or mercurochrome and placing sterile towels 
around the area. It is always advisable at first to carry out an intra- 
dermic anesthesia, employing a fine needle, at those cutaneous points 
where the larger and longer needles will be introduced. The intradermic 
anesthesia is achieved by injecting some drops of anesthetic solution 
subdermally until a small white vesicle is formed. This will prevent or 
minimize pain when the needles arc introduced and superficial points for 
orientation are established. 

Then, the longer needles are introduced and the solution is injected 
into the deeper layers of the region. Next, the solution is injected along 
the line of the surgical incision. Special care must be taken so that the 
solution is distributed close to the derma. It is advisable to inject the 
anesthetic in the areas adjacent to the incision line and at a distance of 
5 to 0 cm. from the operative field. Prior to injecting the solution, es- 
pecially in anesthesia of the deeper layers and when operating in richly 
vascular regions, aspiration is indicated to avoid injecting the solution 
into a blood vessel. 

The aspiration has to he repeated after each movement of the needle. 
Furthermore, the anesthetist must prevent the needle point from touch- 
ing bony surfaces, because of their great periosteal sensitivity and also 
to avoid bending the needle point, i.e., curving the needle into a hook, 
which may cause damage to the tissues in the subsequent movements. 
When the deep layers of the tissues have to be injected in several points, 
the needle must be -withdrawn each time to the subcutaneous layer and 
re-introduced in the required direction. An attempt to move the needle 
in different directions without first withdrawing it will increase the risk 
of breaking the needle; moreover, the needle can be moved only to a 
limited extent if not first removed. 

Common Types of Peripheral Anesthesia. The different textbooks 
on anesthesia present detailed descriptions of anesthesias in different 
regions. The anesthetist has to acquire thorough knowledge of topo- 
graphic anatomy and must consider the surgical requirements of opera- 
tions. The author confines himself here to the more important character- 
istics of peripheral anesthesia. 
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Local Anesthesia by Infiltration: 

Nerve block anesthesia 

Anesthesia of the large nervous plexus 

Peridural segmentary anesthesia (Dogliotti) 

Epidural fiacral anesthesia (Cathelin) 

Subarachnoid spinal anesthesia (Coming-Bier) 

Local anesthesia by infiltration is performed by injecting the anes- 
thetic solution into the tissues which have to be crossed by the surgical 
incision. It is the simplest form and is used to remove a foreign body or 
a small subcutaneous tumor. One or more intradermal wheals are made, 
then the solution is injected subcutaneously following the line of the 
surgical incision. 

If the intervention is to be deeper or the tumor to be removed is 
larger, the solution has to be injected also into the subfascial layers and 
around the area which will be operated upon. The infiltration of the 
anesthetic is, therefore, of the “cup” or “fan” type to block all nerves 
which innervate this region. To demonstrate such procedure we describe 
as an example local anesthesia as administered for an operation of 
inguinal hernia. In this operation a local subcutaneous and subfascial 
infiltration is made, also in the inguinal canal, along the line of incision; 
a “fan” infiltration is made above this area 2 to 3 cm. medially to the 
anterior iliac spine to create a subcutaneous, subfascial, intramuscular 
and preperitoneal anesthetic block at this level. A further example to 
demonstrate the frequent and suitable application in emergency surgery 
is the local anesthesia of the focus of fracture. The injection of 20 to 30 
cc. of an anesthetic solution into the hematoma around the fracture 
makes possible a perfectly painless reduction (Lerda method). 

Regional Block. In some cases it becomes necessary to produce muscular 
relaxation in a large region adjoining the immediate operative field; in 
such cases the solution has to be injected fan-wise at a certain distance 
bordering the region of operation. For example, for a midline lapar- 
otomy, which requires large exploratory movements, it will be necessary 
to use local anesthesia along the incision line and supplement it with 
a subcostal block on both sides in a median laparotomy and on one side 
in a lateral laparotomy. 

Nerve Block Anesthesia. In some cases it is sufficient to block some 
nervous branches at some distance from the operative field. A nerve 
block is sometimes indicated because local infiltration of the operative 
field is contraindicated due to infectious processes. The classical exam- 
ple is nerve block anesthesia of the mandibular nerve at the Spix spine 
for operations on the lower teeth. Also, nerve block anesthesia is widely 
n«cd in one or more intercostal nerves for rib resections and thoraco- 
plasty. 

Anesthesia of the Large Nervous Plexuses. This is not very frequently 
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used; in emergency surgery it is applied in anesthesia of the brachial 
plexus in operations of the upper extremities. Twenty to 25 cc. of the 
solution is used for the plexus and nerve block anesthesia. 

Spinal Anesthesia. In emergency surgery, in which a simple technic 
and speedy action are imperative, subarachnoidal rachianesthesia 
(Coming-Bier) is chiefly employed. It is known that this anesthesia is 
achieved by injecting the anesthetic solution into the subarachnoidal 
space, at the level of the third or fourth lumbar intervertebral space or 
lumbosacral space. The injection may also be made in upper spaces, i.e., 
to the seventh or eighth thoracic when a high rachianesthesia which 
covers the entire abdomen is required. The spinal cord, above the first 
intervertebral lumbar space, calls for special care when the needle is in- 
troduced in order to prevent an injury to the spinal cord. The technic 
of the injection is quite simple. The patient is invited to seat himself 
and bend forward. When this is not possible the patient has to lie on 
his side curving his back as much as possible, without the pelvis being 
inclined but symmetric to the vertebral column. The needles have to 
be strong, unbreakable, with thin and short but sharp points. After 
disinfecting the skin the exact position of the last three or four lumbar 
spinous processes arc located by pressing firmly against the median line. 
The needle is then introduced in the center between two conspicuous 
spinal processes, exactly on the median line perpendicular to the skin 
surface. Some anesthetists avoid the interspinal ligament, introducing 
the needle 3 to 4 mm. laterally to the median line and slightly inclined 
toward it. 

As a rule, this is unnecessary as the interspinal ligament is readily 
penetrated by the needle. When the needle passes through the yellow 
intervertebral ligaments, a diminished resistance is distinctly observed 
and the stylet may be removed from the needle. If no spinal fluid is dis- 
charged, the needle has to be introduced further without using the sty- 
let. The resistance of the pia mater is frequently observed, and when 
this is overcome the spinal fluid appears. 

In cases of kyphoscoliosis, with torsion of the vertebral column, the 
technic is more intricate. The extent of the torsion has to be approxi- 
mately determined and the needle has to be introduced in an oblique 
direction. Despite this the injection is usually successful. 

When the puncture is made above the second lumbar space the needle 
has to be introduced very slowly to avoid damage to the spinal cord; 
this is achieved by stopping the needle when the point has perforated 
the dura mater. It is imperative to remove the stylet from the needle 
when the point has passed through the yellow ligaments. This method 
enables the operator to observe at once when the needle has penetrated 
the dural sac and spinal fluid appears; thus the needle will not be intro- 
duced farther. After introduction of the needle, some cc. of spinal fluid 
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are allowed to escape prior to connecting the needle with the syringe 
which contains the anesthetic solution. "Where an extensive rachianes- 
thesia above the point of injection is required, 4 to 6 cc. of spinal fluid 
are aspirated and then slowly re-injected. If the anesthesia required is 
not extensive, only 1 to 2 cc. of spinal fluid are aspirated and then added 
to the 2 cc. of the anesthetic solution, thus bringing the volume of the 
injected fluid to 3 to 4 cc. When a thoracic ra chi anesthesia (7th to 8th 
space) is performed for operations of the upper abdomen or lower chest, 
only 2 cc. of anesthetic solution are injected. With this method a region 
of maximal anesthesia is confined to three to four roots above and three 
to four roots below the point of injection, thereby preventing the anes- 
thetic from diflusing toward the cervical portion and cauda equina. Thus 
a paralysis of any muscles, excepting the intercostal, is prevented. Pa- 
ralysis of the diaphragm, innervated by cervical branches, is likewise 
avoided. Furthermore, complete anesthesia of branches of the cauda 
equina will not take place, the area of vascular paralysis is reduced and, 
therefore, the risk of arterial hypotension is diminished. 

When the anesthetic is injected the needle is removed, and the patient 
is placed on his back with his head elevated. After four to five minutes 
the head is slightly lowered by placing the bed in a moderate Trendelen- 
burg-N^laton position. 

With the above described method the risk of bulbar ischemia is pre- 
vented. Bulbar ischemia is due to arterial hypotension which is always 
present, in a higher or lesser degree, after subarachnoid anesthesia, es- 
pecially in extensive anesthesia of this type and in hypotensive patients. 
It is of great importance that the anesthetist follow this method closely, 
thus availing himself of a definite safeguard against the most dangerous 
complications of this tj'pe of anesthesia. When suspicious signs of hypo- 
tension appear (soft pulse, pallor, respiratory paresis) the patient has to 
be placed in a pronounced Trendelenburg position. 

Immediately alter the spinal injection, the anesthetist has to admin- 
ister an injection of ephedrine; where it is necessary, other hypertensive 
circulatory stimulants have to be injected. The anesthesia sets in within 
five to six minutes and lasts about one hour with novocaine and sto- 
vaine; percaine and pantocain anesthesia takes effect after ten minutes 
and lasts about two hours. Frequently, there is nau=ea and efforts to 
vomit after fifteen to twenty minutes. To avoid this a preoperative in- 
jection of atropine proves effective; also an injection of ephedrine or 
other hypertensive and circulator}' stimulants, as well as inhalations of 
carbogen (0 3 -f CO*), arc useful. 

When, despite all precautions, dangerous symptoms of respiratory 
paralysis appear, the Trendelenburg position is increased, artificial 
respiration applied, and carbogen inhalations and injections of hyper- 
tensive stimulants administered. 
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Among postoperative complications the more frequent and trouble- 
some is headache which, as a rule, sets in twelve to twenty-four hours 
after operation, sometimes lasting for several days. This may be re- 
lieved with injections of gynergen or nicotinic acid, or the administra- 
tion of pyramidon tablets. In rare cases the physician has to resort to 
spinal puncture in hypertensive forms, or inject distilled water intra- 
venously in hypotensive forms. Generally, the headache increases when 
the patient raises trunk and head (hypotensive form) and, therefore, a 
horizontal position or lowered head are indicated. A further point, fre- 
quently overlooked, is to avoid the use of hot water bottles and other 
heat-producing appliances, to feet and legs immediately after operation. 
The anesthesia sometimes persists for some hours, the patient is un- 
able to feel excessive heat and, therefore, serious and extensive burns 
may result. 

Peridural Segmentart Rachianestiiesia (Dogliotti Method). 
A detailed description of this method is presented in Dogliotti’s "Anes- 
thesia.” It has important advantages over the subarachnoid rachian- 
esthesia (Coming-Bier) ; it is frequently employed, especially in abdom- 
inal and renal surgery. The procedure is that of injecting nn anesthetic 
solution of the nerve block type, c.g., 25 to 30 cc. novocain solution 3 
per cent, plus 1 cc. adrenalin (1.0:1,000.0), into the extradural space of 
the vertebral canal. The fluid diffuses readily in the fatty peridural con- 
nective tissue, and infiltrates the spinal nerves along the intervertebral 
openings. Thus an extensive nerve block anesthesia is attained over eight 
to ten pairs of spinal nerves. Complete anesthesia and muscular relaxa- 
tion appear after fifteen minutes lasting about two hours. This anes- 
thesia is of the segmentary spinal type without diffusion of the anesthetic 
into the spinal fluid. 

The method presents the following advantages: (1) no marked drop 
of blood pressure which usually is the case after subarachnoid rachianes- 
thesia, due to vascular paralysis in a very extensive visceral area; (2) 
no risk of diffusion of the anesthetic toward the cervical segment, and 
less still toward the medulla; (3) no vomiting during operation; (4) no 
postoperative headache. 

Technic. In this method the technic is more intricate than that in 
subarachnoid anesthesia because the anesthetic has to penetrate into 
the vertebral canal without perforating the dura mater. If the rules are 
strictly observed, the results are satisfactory, as has been demonstrated 
by many anesthesias performed by the author and other physicians. 

The needle has to be thick and have a very short bevel. After the 
usual wheal of anesthesia has been made on the midline of the level of 
the chosen intervertebral space, the needle is introduced through the 
spinous ligament or immediately lateral to it. When the needle reaches 
the yellow intervertebral ligaments the stylet is removed and the needle 
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is connected to a small manometer, provided by a small U-shaped glass 
cannula and containing a small amount of sterile water. Then the 
patient is invited to bend forward, and the needle is inserted slowly 
through the yellow ligament. When the needle penetrates the yellow 
ligament, entering the peridural space, the manometer will point to a 
rather marked, sometimes very strong negative pressure. "At this point 
the needle is in its proper place and must not be pushed in farther to 
prevent perforation of the meninges. In the latter case the manometer 
shows positive pressure. 

The manometer is then removed and 8 to 10 cc. of anesthetic solution 
are injected gradually while the needle is left in place without moving 
the patient. After four to five minutes a sensitivity test is made by 
touching the buttocks and legs with a needle; perfect sensitivity must 
be present. This test serves as a precautionary measure to check if the 
anesthetic solution has not penetrated into the subarachnoidal space. If 
this were the case a very rapid deep anesthesia would set in, from the 
point of injection downward, as in subarachnoid rachianesthesia. UTien 
this test is complete the remaining 15 to 20 cc. of anesthetic solution 
are injected, the needle removed, and the patient is laid down. To 
achieve a maximal anesthesia fifteen minutes should be allowed to elapse. 

The experienced anesthetist may employ the following technic in the 
place of a manometer: When the needle, without stylet, passes through 
the yellow ligaments a syringe, containing some cc. of anesthetic solu- 
tion, is connected to it. While the needle is inserted slowly through the 
yellow ligaments with one hand, the operator applies continuous pres- 
sure over the plunger syringe with his other hand. Up to the moment 
when the needle enters the yellow ligament, there is a strong resistance 
to the injection of the anesthetic solution, due to the thickness of the 
ligaments. As soon as the needle penetrates into the peridural space the 
resistance to the needle suddenly subrides, and it seems to the anes- 
ws> V, t ssfccAiw e* w«Vc> spare. WTwv. tfe®. Syrian 

is removed a check has to be made whether blood or spinal fluid is dis- 
charged; also, the jugular veins have to be compressed to increase 
pressure. If no blood or fluid appears, the anesthetic solution may be 
safely injected in successive do«es, as previously described. 

For surgery of the lower abdomen, below the level of the umbilicus, 
the injection is made into one of the intervertebral spaces between the 
tenth thoracic and the first lumbar vertebrae. 

For surgery of the kidneys and upper abdomen (stomach, liver, 
spleen), or for operations on the lower chest, the injection is made into 
one of the intervertebral spaces between the fifth and eighth thoracic 
vertebrae. In these high thoracic injections the needle has to be in a 
markedly oblique direction because of the position of spinal processes. 
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Electrosurgery 

By Gustavus M. Blech 

It seems paradoxical that elect rosurgical methods have become indis- 
pensable in the domains of neurologic and urologic surgery yet few gen- 
eral surgeons avail themselves of the advantages offered by this type of 
operative technic. This is not the proper place for a discussion of the 
underlying causes of such a regrettable situation; they have been set 
forth in the writer’s monograph 1 which is available in most medical li- 
braries. It must suffice here to point out that electrosurgery offers dis- 
tinct advantages which merit utilization in many cases of an urgent 
character while the disadvantages, if such they may be called, refer only 
to the need of an armamentarium and familiarization with its applica- 
tory technics. There are no inherent contraindications to electrosurgery 
as such, since, as will be shown, it is subjected to the same indications 
and contraindications that affect any surgical intervention. 

Obviously, it is of some importance to precede a discussion of the 
concerned technical problems by a few general remarks, at least for the 
benefit of readers who are not thoroughly familiar with the nature and 
purpose of electrosurgical procedures. 

Definitions. The term electrosurgery is restricted to operative pro- 
cedures earned out with the so-called high frequency current. This cur- 
rent is an alternating current but distinct from the commercial current 
used for lighting therein that instead of having only 120 changes of po- 
larity each second (hence the name “low frequency”) the changes run 
into hundreds of thousands even a million times per second (hence the 
designation “high frequency”). 

In a generic sense any current used for surgical purposes, such as the 
destruction of a small skin growth or a hair follicle by a weak galvanic 
(direct) current could be grouped as electrosurgery, but it seems pre- 
ferable to retain the term “electrolysis” because it describes the nature 
of the effect produced upon the structures to be destroyed. 

Histo-Physiologic Effects of the High Frequency Current. 
The commercial alternating current applied to the human body pro- 
duces neuromuscular contractions and shock. Such a current when in- 
tensified in power (voltage) is destructive of life by what is commonly 
spoken of as electrocution. In contrast to it, the high frequency current 

1 Gustavus M. Blech, Clinical Electrosurgery. Oxford University Press, 1938. 
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There are available a large number of elec trosurgi cal apparatus, large, 
medium size and small ones, stationary and portable ones. Some are 
equipped with a so-called spark-gap, which arrangement is assumed to 
give the best current for heavy (deep) electrocoagulation, others arc 
equipped with electronic tubes which ore supposed to yield a good cur- 
rent for fine electrodisseetion, while still others utilize both the spark- 
gap and tubes in one and the same apparatus. The surgeon is little con- 
cerned with the interior arrangement of high frequency apparatus, which 
bears a certain resemblance to that seen in radios. A serviceable, portable 
and comparatively inexpensive apparatus is shown in the accompanying 
illustration. It has a special equipment for treating patients with short 
wave diathermy and lighting a small ultraviolet lamp for local helio- 
therapy. The apparatus is provided with a complete set of electrodes 
and a foot switch for electrosurgery. 

General Technic. Those unfamiliar with electrosurgery will do well 
to obtain a large piece of raw meat, preferably one with fat and tendons, 
place it on the dispersing electrode and, after setting the apparatus and 
the foot switch, practice light and coagulation dissectionnnd coagulation 
of the various structures. It should be borne in mind that the electrodes 
themselves do not divide the tissue but the current reaching their tips 
from within the body does the division or destruction of the structures, 
as the case may be. For dissection the cutting current is applied by 
holding the tip of the electrotome barely in touch with the skin or other 
structure and moving it along the line of incision the same as one moves 
a scalpel, but without pressure. In other words one should perform 
electrodissection much as a draftsman holds a pencil lightly to draw a 
very fine line over the paper. As the endogenic heat splits a layer, the 
tip of the instrument is again placed in very light contact with the next 
layer to be divided. It is improper to turn on the current while the tip 
is held at some distance from the tissues because even at a millimeter or 
two of space between the electrode tip and the tissues sparks will jump 
across, something that is best avoided. Therefore, one poses the tip of 
the electrotome clo^e to the tissue and then presses the foot down upon 
the foot switch to “open” the current. The effect is instantaneous if the 
apparatus is properly set. 

For coagulation the same technic is followed, except that contact with 
the end of the tip of the electrode, which is ball shaped or fiat, like a 
small disc, is more intimate than in electrotomy. 

The coagulating current can be utilized to seal small blood vessels by 
contact of the electrode with them. Instead of ligatures, it is necessary 
only to catch the severed end of a small blood vessel with forceps. When 
the henio«tat has firmly grasped the vessel, the coagulating electrode is 
brought in contact with the forceps and the current turned on for a few 
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seconds. When the forceps is removed it will be seen that bleeding has 
stopped — the severed end having been sealed, as it were. 

This method is not suitable for large blood vessels, as the volume of 
blood in the severed vessel may be heated sufficiently to burst the wall 
of the vessel by explosion. Large blood vessels should therefore be 
clamped and ligated as in classic surgery. 

General Indications. The general indications for the employment of 
electrosurgical procedures can be deducted from their local and consti- 
tutional effects. 

The principal consideration is the fact that even extensive procedures 
are followed by little if any shock. This characteristic has been explained 
in several ways. It has been held that the sealing effect of the high fre- 
quency current blunts the severed ends of nerves thereby inhibiting the 
reflexes. While in the early period after the introduction of electrosur- 
gery the method has been described by zealots as bloodless, the fact 
remains that it seals only capillaries and minute blood vessels during 
coagulating dissection, so that there is a reduction of the amount of 
blood lost. Furthermore, as was already stated, ligation of blood vessels 
becomes necessary only in those of medium or large caliber. The current 
per se is sterile, so that endogenic infection is reduced to the minimum. 
Lymph spaces and lymph vessels are closed (sealed) by the coagulating 
effect of the current, so that inoculation with both vegetable (bacteria) 
or animal cells is virtually non-existent. 

Postoperative pain is greatly lessened probably for the very reasons 
given for the reduction or absence of shock, and it is therefore not sur- 
prising to see patients who have undergone the ordeal of a major opera- 
tion appear in fine spirits throughout their convalescence. 

What then are the clinical indications in urgent cases? 

We have the authority of Cushing that operations of the brain, nota- 
bly the removal of tumors that in the past have proved most hazardous, 
became less risky since the utilization of the surgical high frequency 
current. This epochal revolution in neurosurgery is purely due to the 
fact that the excessive bleeding and shock connected with the classic 
extirpation of brain tumors is greatly reduced, if not obviated, by elec- 
trotomy and electrocoagulation. If one applies that experience to similar 
conditions elsewhere in the human body one can see its wide field of 
activity. 

The sealing properties of the high frequency current of capillaries and 
lymph vessels early suggested its indication in the removal of malignant 
growths. But so far as urgent surgery is concerned electrosurgery will 
find its most effective usefulness in the management of surgical infec- 
tions. To this should be added cases of trauma which has reduced the 
somatic resistance of the individuals. Patients suffering from anemia 
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and those whose bleeding time indicates that they might be a bad opera- 
tive risk would be the ones selected for elect ro<urgery for the reason 
above stated. 

Contraindications. As was already stated there are no contraindi- 
cations to electrosurgery as such, that is to say, any contraindication 
to classic surgery would naturally applj* al«*o to operations carried out 
with the high frequenc}' current. But it should be considered that the 
conditions prevailing with elective surgery do not apply to urgent sur- 
gery. The very urgency for surgical intervention clearly shows that cer- 
tain risks cannot be shirked or postponed if life is to be saved and, as 
was just stressed, one often will find in elcctrosurgical technics a means 
of bringing an operation to a safe termination when classic measures 
would lessen the chance for success. 

There is, however, one objectionable feature connected with the prac- 
tice of electrosurgery and that is the danger from exploding volatile 
gases u«ed for inhalation anesthesia. An accidental sparking may cause 
death. For that matter the following instance may serve as an object 
lesson. A noted European surgeon was operating for a pulmonary fistula. 
The patient was under the influence of ether anesthesia. Thoughtlessly 
the surgeon applied a red hot Paquelin cautery to the fistulous opening 
and in an instant the lung was burned to a crisp. 

With ordinary precautions, such as placing a wet sheet between the 
patient’s head and the body proper, any electrosurgical operation can 
be carried out with safety even under ether narcosis. Naturally anes- 
thetics like cyclopropane must not be even in the operating room let 
alone used for anesthesia. With this exception there are no contraindi- 
cations. 
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Laparotomy 

By Julius L. Spivack 

The dictum that a surgeon who deliberately opens the abdomen 
should be able to meet any and all arising contingencies, holds good even 
more so in urgent laparotomies. In non-emergency cases the diagnosis 
usually is made before operation so that the surgeon can plan his acts 
because he knows what to expect and where to look for it. In emergency 
cases the surgeon often is unable to avail himself of many valuable labo- 
ratory tests either because they are contraindicated on account of the 
type of suspected pathologic process or delay beyond safety. 

It is particularly in these seemingly acute abdominal conditions that 
laboratory tests would be of great aid, as there are conditions outside 
the abdominal cavity that can give pictures strikingly resembling tho«c 
of an “acute abdomen.” 

One cannot sufficiently stress the fallacy of the assumption that a 
wrong diagnoss of an abdominal condition is not calamitous because in 
any ca«e the abdominal cavity has to be opened. It should be borne in 
mind that when the wrong viscus is suspected the incision may be too 
far away and the operative field improperly exposed. Indeed, one may 
not even be able to remedy the situation by increasing the length of the 
abdominal incision, so that at last another and more appropiate incision 
has to be made — by no means a happy solution of the problem. The situ- 
ation becomes a traged}’ when an extra-abdominal process is erroneously 
diagnosed as an acute intra-abdominal affection. Among these condi- 
tions in the first place should be mentioned coronary thrombosis, lobar 
pneumonia and pericarditis. The life of these patients is certainly en- 
dangered by the unnecessary laparotomy. 

Among other conditions which have been mistaken for acute abdomi- 
nal conditions should be mentioned renal ectopia, hydronephrosis and 
ureteral stones. Occasionally lesions of the central nervous system, such 
as tabes dorsalis, subarachnoid hemorrhage, celiac neurosis may simu- 
late an acute abdominal process. Endocrine disturbances such as hyper- 
thyroidism, hypothyroidism, hypoparathyroidism, ovarian affections or 
diabetes may closely resemble a picture of acute abdominal trouble. 
Systemic diseases, infectious or non-infectious, such as Henoch’s pur- 
pura, abdominal allergy, malaria, undulant fever, tularemia, were oc- 
casionally confused with acute abdominal conditions. Patients suffering 
from rupture of the m. rectus, hematoma of the abdominal wall due to 
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spontaneous rupture of the inferior epigastric artery also have been un- 
necessarily subjected to laparotomy. 

"While in many cases a correct diagnosis can be made because the 
characteristic features of the particular disease will be manifest in ad- 
dition to the confusing symptoms, others have been reported in which 
it was impossible to make a correct diagnosis and the true nature of the 
disease was discovered during the subsequent course of the disease or 
at necropsy. 

A reliable sign which may be very helpful in differentiating between 
intra-abdominal and extra-abdominal condition is that in the former the 
patient prefers to lie flat on his back with the legs bent in the knees and 
hip-joints, while in chest conditions they prefer to take the half sitting 
posture. Another helpful sign is that in all cases of a perforated viscus 
the patient prefers to lie still, while in extraperitoneal conditions he is 
restless and moves from one position to another. 

However, as valuable as these signs are, they do not always follow 
this pattern and solely to rely upon them may lead to disaster. 

After the diagnosis of an acute abdominal condition is made one has 
to decide as to the site and type of the abdominal incision. 

Abdominal Incisions 

In opening the abdomen the following considerations have to be taken 
into account: 

1. The Incision' Should Afford a Good Operative Field. It 
should therefore be of adequate length; a short incision impedes the 
work. If one has to err, it is better to make too long than too short an 
incision. For all operations in which a good view is essential, the length 
of the incision should range between 4§ and 6 inches. For cases involving 
the removal of small tubular structure, such as the appendix or a fal- 
lopian tube the incision may be considerably smaller. 

2. The Incision Should Cause No Serious Damage to the Ab- 
dominal Wall. This is of great surgical importance. If the abdominal 
wall is damaged, several possibilities may arise: 

a. The abdominal wall may give way in the line of incision at the time 
immediately following operation, producing disruption, with or without 
evisceration of the abdominal contents. Evisceration is responsible for 
a high mortality rate. 

b. The abdominal wall may give way many months or even years 
later, producing an incisional hernia. In these cases adhesions are 
formed, producing pain and morbidity, and in many cases are the cau=e 
of internal strangulation of the bowel. 

c. The muscles of the abdominal wall become atrophied, thus dimin- 
ishing normal tonus of the abdominal wall; the viscera are not held to- 
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gether pressing against each other but are rather loose and the patient 
needs an abdominal support to keep them in place. 

It is extremely difficult to avoid damaging the anterior abdominal 
wall, owing to the peculiar arrangement of its constituent parts. The 
topographic arrangement of the component parts of the abdominal wall 



Fig. 33. Anatomy of the anterior abdominal wall. 

is such that it offers good support for rather movable structures (intes- 
tines) suspended on long attachments (mesentery) in spite of the erect 
posture; in fact, there is no place in the abdominal wall where a large 
opening can be made without damaging it. In order to make this clear, 
a brief topographico-anatomical description is not amiss (Figs. 33, 34, 
35). 

The layers of abdominal wall are: skin, superficial fascia, deep fascia, 
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terior sheath and the posterior lamella of internal oblique fuses with the 
aponeurosis of the transversus abdominis muscle forming the posterior 
sheath). 
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Fia. 35. Xerve and blood supply of the anterior abdominal wall. 

While the fibers of the m. rectus run vertically, those of its sheath run 
horizontally or obliquely. Therefore, if we wish to split the fibers of the 
rectus muscle longitudinally and are making a longitudinal incision 
through its anterior sheath we are cutting the fibers of the sheaths 
transversely, that is perpendicularly to their course. 

The lateral muscles of the abdominal wall consist of three layers (ex- 
ternal oblique, internal oblique and transversus abdominis), the fibers 
of which run in an oblique or perpendicular direction to each other. One 
cannot, therefore, open the abdomen by merely splitting the fibers in the 



06 


URGENT SURGERY 


same direction, but must cut at least one or, in many places, two layers. 
There is onlj' one way how one can open the abdomen without cutting 
the muscle fibers, that is by a gridiron incision. However, this incision, 
even though large tlirough the skin becomes very small when the peri- 
toneum is reached and therefore does not offer a good operative field 
for most operations. 

The blood vessels of the abdominal wall run in two directions: the 
superior and partly inferior epigastric vessels vertically, the lower inter- 
costals (X, XI, XII) and all lumbar vessels transverselj’, the superficial 
and partly the deep epigastric, superficial and deep circumflex iliac ob- 
liquelj'. In other words, no matter in what direction one makes an in- 
cision, some damage to some blood vessels will take place. Fortunately, 
however, the distribution of the blood vessels is such that enough blood 
supply is left, so that the division of a few branches does not disturb 
the nutrition of the wall. 

The nerve supply of the abdominal wall is derived from the 7th to 
12th thoracic nerves and from the ilio-bypogastric and ilio-inguinal 
branches of the first lumbar nerve. The intercostal branches run hori- 
zontally and parallel at a distance of 1| inches to each other. In making 
a longitudinal incision of 4 to 6 inches, one is liable to cut 2 or 3 nerves. 

If one analyzes the mutual relationship of muscular fibers, blood ves- 
sels and nerves one sees that with the exception of a gridiron incision it 
is impossible to open the abdomen without injuring either the muscles, 
blood vessels or the nerves. As already mentioned, injury to vascular 
branches is not dangerous owing to its rich supply. Therefore, the ques- 
tion arises which is less harmful to injure — the nerves or the muscular 
fibers? 

In the early period of abdominal surgery it was considered that 
muscles should be spared, even if this can be achieved by cutting the 
nerves. At that time longitudinal incisions were prevalent. P. Assmy, 
in 1898, demonstrated that muscles cut and resutured were less dam- 
aged, than those which were not divided but whose nerve supply was 
damaged. In other words, he demonstrated that it is a lesser evil to cut 
the muscle than its nerve supply. This observation, corroborated later 
by numerous investigators, led surgeons to use preferably transverse in- 
cisions in which the nerve supply is preserved. Another advantage of 
transverse incisions is that through contraction of the lateral muscles, 
there is no tension on the suture line. 

Transverse incisions known as "physiologic incisions” are now used by 
an increasingly large number of surgeons. Many valuable data are now 
available as to their usefulness. It was found that by this tj^pe of incision 

1. Closure of the abdomen is easier because there is less tension of the 
separated lips of the wound. 

2. Patients have less pain while coughing and, therefore, are not 
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afraid to cough, so that ventilation of the lungs is attained and, 
therefore, postoperative pneumonia occurs less frequently. 

3. Disruption of wounds after operation is considerably less frequent 
than after longitudinal incisions. 

4. Incisional or ventral hernia and postoperative adhesions are con- 
siderably rarer after transverse than after longitudinal incisions. 

There is described a great number of abdominal incisions which may 
be divided into five large categories: 

A. Transverse. 

B. Longitudinal. 

C. Combination of the two. 

D. Flap 

E. Gridiron. 


The type of incision is not influenced by a consideration whether 
operation is an emergency, urgent or one planned days or weeks ahead. 
Whenever at all possible an incision should be made transversely be- 
cause it is physiologic. For gall- 
bladder or biliary tract opera- „ . _ 


tions a good exposure is afforded 
by a Courvoisier or Mikulicz- 
Kausch incision (Fig. 3G) ; if ad- 
ditional room is needed the latter 
incision may be enlarged by 
making a short limb cutting the 
skin, fascia and splitting the ex- 
ternal oblique muscle perpen- 
dicularly to the first incision and 
transforming it into a Sprengel 
incision (Fig. 36). For gastrec- 
tomy a transverse transrectus in- 
cision cutting both recti muscles 
(Fig. 36) affords excellent ex- 
posure. For gastrostomy (Fig. 
37) we use a short (3-inch) left 
midrectus longitudinal incision, 
which though not physiologic 
offers some advantages for fixa- 
tion of the stomach and its tube 
to the abdominal wall, which is 
not afforded by a transverse in- 
cision. Usually the condition 



for which gastrostomy is done Fig. 36. Transverse ami oblique abdominal 
is such that one is not much *- Mik»l,e.-K,u.,ch. 2 Sprengel. 

, ..... «>• Bilateral trausrectus incision. 4. McBurney 

Concerned about the possibility (McAHhur) incision. 5. Pfanncnstiel incision. 
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of a future ventral hernia. For gynecologic operations the Pfannenstiel 
incision (transverse incision of the skin, fascia, anterior sheath of the 
rectus muscles, separation of the muscles, longitudinal incision of the 
transversalis fascia and the peritoneum) affords excellent exposure (Fig. 
36) and causes less damage than the ordinary infraumbilical midline 



Tic. 37. Longitudinal incisions. A. I, Supra- and infraumbilical midline incisions 
2. Right and left paramedian tncisiona. 3. Right midrcctus incision (Riedclj 4. Right 
upper pararcctus incision (Law non Tait, Langenbuch) 5. Kochcr incision 6 Hattie incision 
(Lcnnandcr, Jnlaguicr, Hammerer). 7. Fcngcr incision. B. 8. Left lower pararcctus incision 
9. Kehr incision. 10. Mayo-Rohson (KBrtc) incision 11. Be van incision 12. Left midrcctus 
incision. 

incision (Fig. 37). For appendectomy — the AlcBurney or Battle (Jala- 
guier) incision is preferable (Fig. 36). Those interested in further details 
on abdominal incisions are referred to the author’s book “The Surgical 
Technic of Abdominal Operations.” 

The vaginal, lumbar and subdiaphragraatic approach to the abdomi- 
nal cavity are discussed in the corresponding chapters on gynecologic, 
urologic and thoracic surgery. In poor operative risks necessitating oper- 
ations to be concluded in the shortest possible time, longitudinal in- 
cisions should be made, as opening and closure of the abdomen consumes 
less time than by transverse inci«ions. 

Technic of Opening and Closure by a Transverse Incision. As 
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an example of a transverse abdominal incision, we shall describe one for 
the exposure of the gallbladder. 

Step 3. The skin, superficial and deep fascia are divided starting from 
the lower end of the right costal arch and proceeding mediad to the 
midline (Fig. 38A). 

Step 2. The anterior sheath of the right rectus muscle is cut trans- 
versely. It is a good practice before cutting the anterior sheath to remove 
with a piece of gauze the fat which often covers it. If this is not done, 
one may later find difficulty in visualizing the anterior sheath which is 
important for the proper closure of the abdomen. 

Step 3. Each lip of the divided anterior sheath is sutured to the mus- 
cle at three places, (Fig. 38B). It is not necessary to include in the bite 
the entire thickness of the muscle, but just enough to prevent retraction 
of the fibers after division of the muscle. 

Step 4. The rectus muscle is cut transversely (Fig. 38B). 

Step 5. The posterior sheath and the peritoneum are cut transversely 
(Fig. 38B). 

Closure of Abdomen Opened by a Transverse Incision. The im- 
portance of a careful closure of the abdomen can not be over-emphasized. 
The peritoneum should be properly approximated so that no gaps are 
left. If small openings are left between the peritoneal lips, tabs of 
omentum may enter, act as wedges and be responsible for an eventual 
incisional hernia and postoperative adhesions, complication which must 
be avoided. The transversalis fascia should be caught in the suture; 
otherwise even if the peritoneum is carefully sutured, a hernia still may 
ensue. One has to remember that when one makes an incision, and par- 
ticularly a longitudinal, the transversalis fascia retracts farther away 
than peritoneum or the posterior sheath; therefore, if during suturing 
the posterior sheath the needle catches the lip close to the edge, it may 
include the peritoneum and the posterior sheath and mi«s the trans- 
versalis fascia, a faulty technic likely to have hernia as a consequence. 

Step 1. The peritoneum, with the transversalis fascia and the pos- 
terior sheath of the rectus muscle is grasped at four places with artery 
forceps at the lateral and medial angles and at the middle of the upper 
and the lower lips. A continuous suture is made from the medial to the 
lateral angle. We use chromic catgut No. 1 (Fig. 38, C). 

Step 2. The upper part of the divided muscle with its anterior sheath 
is sutured to the lower part by three interrupted vertical mattress- 
sutures, as follows: The suture enters the anterior sheath of the rectus 
muscle and passes through the muscle itself at a distance of half of one 
inch from the cut edge of the lower lip. Then it penetrates the upper lip 
in the opposite direction passing through the muscles and the anterior 
sheath and emerging at a distance of half of one inch from the cut edge 
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of the upper lip. Then the direction of the needle is reversed, and it 
penetrates the edge of the anterior sheath of the upper and of the lower 



Fio. 3S. Opening and eloiure of the abdomen by a transverse incision. A. Mikulicz- 
Kauscb incision (surface marking). B. Anterior sheath of rectus muscle is sutured to the 
muscle (dotted line indicates the line along which are cut the muscle and peritoneum). C 
Closure of peritoneum, trans> ersalis fascia and the posterior sheath. D. Closure of the 
mu«clc by a vertical mattress suture. 

lips. In this way a vertical mattress-suture is made. Several such sutures 
are inserted. A few superficial ones connecting only the anterior sheath 
are placed between the mattress-sutures (Fig. 3S, D), 
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Step 3. The skin is sutured by any method preferred by the surgeon. 
Method of Opening the Abdomen by a Longitudinal Right 
Midrectus Incision. 



Fig. 39. Opening the abdomen by a longitudinal incision. 
A method of attaching the towels. 


Step 1. The skin and superficial fascia are cut for a distance of four 
to six inches. 

Step 2. Towels are clipped to the lips of the wound; they are held 
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with three towel forceps to each lip— one at the upper, the other in the 
middle and the third at lower end of each lip. The towel forceps are 
placed so that the towels cover them (Fig. 39). 

Step 3. The fat is cleansed from the underlying anterior sheath for 
a width at least of three-fourths of an inch from the intended line of 



Fio. 40. Opening the abdomen lij a longitudinal right midrectu* incision. 

A. Anterior sheath incited (down with scalpel, upward with scissors). B 
Muscle split with handle of scalpel C. Muscle further split with index 
fingers of both hands. 

incision through this sheath. This greatly facilitates its future closure; 
if this is not done, the anterior sheath is covered with fat and one is 
liable to catch fat instead of the anterior sheath in closing the abdomen. 
After the anterior sheath is incised (40, A) the muscle is split with the 
handle of the knife (Fig. 40, B) either through the entire length of the 
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incision or sufficient to introduce the index fingers of both hands, which 
then split the muscle fibers to the desired length (Fig. 40, C). 

Step 4. The posterior sheath (with the transversalis fascia and peri- 
toneum) is now grasped by two toothed tissue forceps at a distance of 
one-fourth of an inch from each other. With the thumb and index finger 



Fio. 41. Orening the abdomen by longitudinal right midrectus incision. 

A. The post, sheath, transv. fascia and peritoneum are niched with a scat- 
pel. B. Incision being enlarged downward with a scalpel. C. Incision en- 
larged upward with scissors. 

the surgeon feels whether any viscus is adherent to the peritoneum be- 
tween the forceps. If there are no adhesions, the fold is nicked open with 
a knife. The edges of the opening are then caught by artery forceps at 
two places, one on the surgeon’s and the other on the assistant’s side. 
The opening is now enlarged by cutting with scissors upward and with 
the knife downward (Fig. 41). 



104 


URGENT SURGERY 


Closure of Abdomen Opened by a Longitudinal Incision. We 
suture the abdominal wall in four layers. 

1* The first layer is composed of peritoneum with the transversalis 
fascia and posterior sheath. It is closed with chromic catgut No. 1. We 
usually employ a continuous suture, though occasionally we resort to 
interrupted sutures. In the latter case the distance between two sutures 
is about one third of one inch. It is extremely important to penetrate 
this layer not at the edges but at least one-fourth of an inch away so as 
to be sure that the transversalis fascia is included, as it retracts and if 
the. bite is taken at the edge it may not include if. Omission of the 
transversalis fascia in the bite is probably the most frequent cause of 
incisional hernia. 

2. The second layer consists of muscles, which we close interruptedly 
with plain catgut No. 1. The distance between two bites is one inch. 

3. Third la 3 ’er (the anterior 6heath) is closed witli chromic No. 2 
single or No. 1 double thread by continuous suture. If interrupted sutures 
are made the distance between two bites is about one-third of one inch. 

4. The fourth layer includes the skin. We use horse-hair or dermal 
and close it by a continuous vertical mattress-suture. In stout patients, 
or when large longitudinal incisons arc made “tension sutures" of silk- 
wormgut are useful. They penetrate the entire thickness of the abdomi- 
nal wall except the peritoneum and are placed immediately after the 
peritoneum is sutured. They are tied after the skin is closed over a strip 
of gauze. 

Closure of the Abdomen in Difficult Cases. In some cases one 
may have difficulty in closing the abdomen. This is particularly so with 
obese patients, or when patients do not take the anesthetic well and are 
not completely relaxed. Under such conditions the peritoneum may tear, 
which proves to be the main cause of postoperative adhesions and in 
some cases of postoperative hernias. 

This can be overcome in several ways: 

a. Insertion of sutures through the entire thickness of the abdominal 
wall except the skin by a series of interrupted sutures. These su- 
tures are placed half of one inch apart and tied only after all of 
them have been inserted. 

b. Insertion of several sutures through the entire thickness of the ab- 
dominal wall except the skin. These sutures are placed at a distance 
of one and one half inches from each other and the ends are not 
tied, but clamped by hemostats (Fig. 39, A). Next, the peritoneum 
is caught by hemostats at several places, including one at the upper 
and the other at the lower angle of the incision. A suture is in- 
serted at the upper peritoneal angle and the ends are tied. Then, 
the same suture is inserted as a continuous over-and-over suture 
to dose the upper half of the peritoneum in a loo«c manner so as 
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not to tear the structure (Fig. 42, A). Next, the tension suture at 
the upper angle is rendered taut so as to bring the lips together. 
The thread inserted loosely in the peritoneum is now pulled in the 
direction of the suture line, thereby closing the peritoneum without 
producing any tears (Fig. 42, B). The finger is then introduced 



Fio, 42. Closure of abdomen In difficult cases. A. Peritoneum grasped with herao'dats, 
traction sutures in place, loose continuous suture in upper portion of wound. B. First 
traction suture drawn tight, peritoneal suture drawn taut in direction of line of suture. C. 
“Knotless knot" made in peritoneal suture by means of back stitch. 

into the peritoneal cavity through the lower half of the incision to 
make sure that no omentum or portion of bowel wall is caught 
between the peritoneal lips (Fig. 43, D). A back stitch is carried 
through the peritoneum immediately back of its closed portion. 
This stitch acts as a “knotless knot,” thus preventing the peri- 
toneum from giving away; it is placed under control of the finger 
in the peritoneal cavity to make sure that no loop of bowel was 
caught with the needle. The lower half of the peritoneum is su- 
tured in the same loose manner as with the upper one; the tension 
suture in this part is placed on stretch until the edges of the lips 
come into approximation, The loos? thread inserted in the peri- 
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toneum is now pulled in the direction of the incision and the lower 
portion of the peritoneum is now clo'tfd. The anterior sheath is 
then closed either by a series of interrupted sutures or by a con- 
tinuous one (Fig. 43, E). The ends of the traction sutures are now 
tied. 



Fjo. 43. Closure of abdomen in difficult caw?. D. Examination of peritoneal cavity with 
index finger to make sure no omentum, bowel, etc , are caught in the suture. E. Continuous 
suture of anterior rectus sheath. F. Traction sutures tied. 


Complications 

Among the different complications arising after laparotomy, the fol- 
lowing are important: 

a. disruption of the wound; 

1j. incisional hernia; 

e. infection of the abdominal wall and cavity; 

d. abdominal adhesions; 

e. foreign bodies left in the abdomen; and 

f. keloids and ossification of the scar. 

A. Disruption of the Wound. This is separation of the lips of the 
abdominal wall before firm union is established. It may be accompanied 
by protrusion of omentum or intestine outside the abdominal cavity, 



LAPAROTOMY 


107 


when one uses the term evisceration. This complication occurs in about 
1.5 per cent of all laparotomies. It usually occurs between the 5th and 
the 9th postoperative day, but may take place as early as the first and 
as late as the sixtieth day. Age, sex or race play no r&le in its develop- 
ment. It occurs more frequently with debilitated, anemic patients or 
individuals with a fat abdominal wall. Any disease which retards the 
healing of wounds may predispose to this particular complication. Pa- 
tients with insufficient vitamin C values, with hypoproteinemia and 
catgut allergy are more often affected than other tj^es of individuals. 

It is a well observed fact that this condition occurs more frequently " 
after longitudinal than transverse incisions, the suture line in the former 
being under direct pull in the opposite direction whenever there is a 
contraction of the lateral abdominal muscles. However, as already men- 
tioned in describing the technic of closure of longitudinal incisions, wc 
believe that another important contributing factor is retraction of the 
transversalis fascia beyond the lip of the peritoneum and the posterior 
sheath of the rectus muscle which, therefore, often is not included in the 
suture. 

With exception when a patient is allergic to catgut, it is immaterial 
what kind of suture material is used. Disruption of wounds occurred in 
cases when absorbable as well as non-absorbable suture was used. With 
patients allergic to catgut disruption may occur within a few days after 
operation when no traces of catgut arc found. Disruption occurs irres- 
pective whether the wall is closed bj* through-and-through sutures or 
in layers and whether "tension sutures” are used or not. 

Drainage of the abdominal cavity favors disruption. Statistics show 
that it occurs considerably more often in cases in which the abdomen 
was drained. For this reason it is advisable to carry the drain through a 
stab wound and close the original incision firmly. 

Infection undoubtedly predisposes to disruption since it delays healing 
of the wound. 

Increased intra-abdominal pressure by coughing, vomiting and gas 
distention are contributing factors. 

Symptomatology. The symptoms vary depending on whether there is 
only disruption or also evisceration with or without concomitant 
strangulation of the bowel. Often the patient feels fairly comfortable 
and states that "something gave away” while he coughed or vomited. 
Pain and shock are rather uncommon signs. Vomiting is occasionally 
present. On examining the disrupted wound one finds a sero-sanguinous 
discharge in about 20 per cent. Any edema or fluctuation along the line 
of skin incision should arouse suspicion of the possibility of disruption 
of the deeper structures of the wound. 

Treatment. There is no unanimity regarding the treatment of a dis- 
rupted wound. Three measures are open to the surgeon: 
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1* Bringing the edges of the disrupted wound together with adhesive 
plaster. Before doing this the patient gets a dose of morphine; the skin 
around the wound is washed with soap and water; a sterile gauze is 
placed over the disrupted wound. The edges of the wound are then 
brought over the gauze and kept together by wide strips of adhesive 
plaster. If there is evisceration the patient must be subjected to infiltra- 
tion analgesia around the lips of the wound or spinal analgesia under 
which the viscera arc replaced, sterile gauze is placed over and adhesive 
tape brought over it. This gauze is removed gradually. 

2. Secondary suture of the abdominal wall. As soon as the diagnosis 
is made a dose of morphine is administered and the patient taken to the 
operating room. The abdominal wall is cleansed before infiltration 
analgesia is carried out. If, however, inhalation anesthesia is preferred, 
the wall is cleansed after its induction. Closure may be accomplished 
either by through-and-through silkw-ormgut suture or in layers. In the 
latter case silk, silkwormgut or steel wire sutures may be emploj'ed. 

3. Approximation of the edges with adhesive plaster over a tampon 
followed in a few days by secondary suture. 

We believe that if the patient is not in shock it is better to start with 
the secondary suture at once because it reduces the convalescence from 
five days to two and a half weeks, and is less liable to be followed by 
post-operative adhesions. 

Mortality in either method of treatment is about 35 per cent. This 
depends less on the method of treatment than the general condition of 
the patient. 

B. Incisional Hernia. The symptomatology and the treatment arc 
discussed in the chapter on hernia. 

C. Infection of the Abdominal Wall. In varying degrees it is 
quite common after laparotomy. In most of the cases it is so slight that 
the wounds are considered as clean; in others the infection is more ex- 
tensive, but still does not extend in depth and appears as stitch sup- 
puration or small abscess formation in the subcutaneous tissue. The 
microorganisms found in such cases are staphylococci, streptococci and 
B. coli. 

The treatment is generally that of infected wounds, namely preven- 
tion of the spread of contamination by strictly aseptic changes of dress- 
ings, adequate drainage of accumulated pus, Dakins solution for ir- 
rigation and, lastly, the application of sulfa drugs in powdered form or 
in solution. However, in some cases considerable destruction of tissues 
takes place. They become invaded by anaerobes anil treatment then 
become* a difficult surgical problem. Among these conditions two should 
be kept in mind, namely, postoperative progressive gangrene of the skin 
and gas gangrene infections. 

Postoperative progressive gangrene of the skin (Progressive bacterial 
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synergistic gangrene). This disease is very rare. Up to now the number 
of cases described is about 50. It usually affects the skin and subcu- 
taneous tissue only and does not reach deeper structures. It originates 
either from the wound edges, or from the suture canals, though occa- 
sionally it may develop in the vicinity of the wound without being di- 
rectly connected with it (Lichtenstein); it usually develops after 
laparotomy, but in few cases it involved the chest wall. In most of the 
instances it developed after a drain had been employed, but in some 
cases the abdomen was closed without drainage. The first case of this 
kind was reported by Luckctt in 1909. The clinical picture is quite 
typical. It starts two days to four weeks after the primary operation 
with patches of the reddened skin appearing around the wound. This 
process starts either from the vicinity of the drain or the skin suture 
channels. After a few days the skin attains a bluish tint and later be- 
comes dark blue and still later when gangrene is fully developed the 
color is black. When the picture is fully developed, one can differentiate 
three typical zones of changes in the skin; the central portion is gan- 
grenous, the more peripherally situnted is red blue, swelled and a few’ 
centimeters wide; the most peripherally situated is markedly red and 
fuses with the normal skin. Characteristic for this type is that it affects 
only the skin and superficial fascia and not the deeper structures. 
Another characteristic feature is the extreme tenderness of this area. 
The pain while dressing the wound is so severe that in some cases gen- 
eral anesthesia becomes necessary. This condition, if treated conserva- 
tively with antiseptic solutions, vaccines, sera and the like, invariably 
progresses more or less rapidly. In some cases it may affect the entire 
abdominal wall and spread to the chest wall. In the beginning it does 
not affect the general condition, later, however, the patient becomes 
toxic. The temperature is either normal or sub/cbrile. 

While gangrene of the skin may be produced by streptococci, ainebae, 
diphtheroid bacilli and staphylococci, this particular type is produced bj r 
a variety of streptococcus for which is coined the term “micro-aerophilic 
streptococcus” in association with staphylococcus. Meleney considers 
that the presence of both of these varieties in the same wound will 
produce this particular type of gangrene, while either the micro-aero- 
philic streptococcus or staphylococcus alone may also produce a gan- 
grene of the skin, but not this particular type. He called this type 
“postoperative progressive bacterial synergistic gangrene.” 

Though medical treatment with antiseptic solutions or ointments 
leads occasionally to a cure, the best method is radical excision of the 
skin of the entire area, cutting the healthy tissues for a distance of at 
least one inch from the diseased area. After that the wound is treated 
according to established principles of treatment of wounds. Meleney 
advocates the use of an aqueous solution of zinc peroxide in the form 
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of a paste not only for this particular type of gangrene but for any in- 
fection produced by anaerobes; he believes that freed oxygen will check 
the further growth of the anaerobes. 

Gas gangrene infection of the abdominal trail is a very infrequent com- 
plication, to date only about 60 cases having been recorded. It occurs 
usually after operation* on the large bowel, particularly for suppurative 
appendicitis and intestinal obstruction and considerably rarer after 
operations on the stomach or duodenum. It starts usually 3G to 72 hours 
after surgical intervention by moderate elevation of the temperature 
and a rapidly increasing pulse rate entirely out of proportion to the 
temperature. Thus, while the temperature ranges between 100 and 
101°F. and later drops to normal or even subnormal level, the pulse 
beats range between 120 to 140 and become thready. The patient is resi- 
les*; the respiratory rate is increased; there is dyspnea and air hunger. 
The face and mucous membranes are pale and the patient lies in deep 
prostration. This paleness is due to destruction of the red blood cell* 
by anaerobic hemotoxins. 

Jaundice is quite frequent due to hepatotoxic action of the anaerobe*. 
Examination of the wound reveals the skin to be at first red and marked- 
ly swelled. Pressure on the wound produces a sero-sanguinous exudate 
escaping from the suture line together with gas bubbles. The mortality 
rate is about 60 per cent. Death occurs usually a few days after the 
onset, though in some cases it took place as early as 14 hours after the 
onset. 

The diagnosis is made bacteriologies lb'. There are mam" methods 
described, some of them facilitating the discovery of the anaerobes 
within 10 to 12 hours, thus enabling the surgeon to start immediate 
treatment. This condition should be differentiated from erysipelas, septic 
cellulitis and septicemia. 

Treatment. The best method of treatment is a combination of surgery, 
antitoxin injection and chemotherapy with sulfa drugs. Surgery consists 
of opening of the wound, removing necrotized tissues, inserting drain" 
to provide escape for the necrotized tissues and exudates. Then, the 
wound is dusted with 5 gm. of sulfanilamide, sulfathiazole or sulfa- 
pyridine powder. The patient also is given sulfanilamide, sulfathiazole 
or sulfadiazine orally — 2 gm. as the first do*c and then 1 gm. three 
times daily until the condition improves. Several reports of beneficial 
action of penicillin in treatment of gas gangrene recently have been 
published. 

Antitoxin treatment consists of intravenous injection of 7500 units 
of Clostridium welchii antitoxin, 3750 units of elostridium septicum 
and 2500 units of elostridium oedematiens. These doses are repeated as 
often as nece**ary, as long as symptoms of intoxication persist. There are 
several favorable reports of combating the gas bacillus infection by 
deep x-ray therapy and also by the local application of zinc peroxide. 
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D. Abdominal Adhesions. This is quite a frequent sequela of any 
surgical procedure. Though in many cases it yields hardly any symp- 
toms, in other cases it gives rise to pain and in some even intestinal 
obstruction — incomplete or complete. Statistical study of a large number 
of cases shows that in nearly 75 per cent of all cases of intestinal obstruc- 
tion there is a history of a previous abdominal operation. 

This is the reason why many attempts were made to determine the 
causes of the formation of adhesions and their prevention. 

Among the theories propounded one of the most generally accepted 
is inflammation. According to this theory, an inflammatory process, 
which originally starts at some place in the mucosa of the gastroin- 
testinal tract travels through the musculnris and serosa, then spreads 
through the lymphatics to the neighboring parts of the abdominal cavity 
and even to the distant points from the starting place and produces 
exudates, which become organized, thus forming adhesions. In this way 
adhesions arc formed even if no operation was performed. 

According to followers of this theory, contamination of peritoneum 
takes place during operation with ensuing formation of adhesions. 

However, there are many observations which cannot be explained by 
this theory. Many times operations were done for interval appendicitis 
in which no adhesions were found at the time of operation, but were 
found to be extensive at some future time when patient was operated 
for some other condition. On the other hand, not infrequently patients 
who have been operated for a perforated stomach, gallbladder or ap- 
pendix, in which contamination took place, undergoing much later 
another abdominal operation do not show the presence of any adhesions. 

Other surgeons believe that the formation of adhesions is attributable 
to a constitutional predisposition. Payr and Vogel many years ago stated 
that the asthenic type of individual is more liable to form adhesions 
than stout one. 

The majority believe that adhesions are most liable to be produced 
when the endothelium of the viscera or of the peritoneum is injured. 
This injury usually takes place by rough handling and by rubbing with 
dry gauze. Therefore, rough handling should be avoided and all raw 
surfaces should be carefully peritonized. Another source of injury is ir- 
ritation of the visceral peritoneum by the antiseptic solutions used for 
the preparatory disinfection of the skin. This material may come in con- 
tact with viscera brought outside the abdominal cavity and kept on the 
abdominal wall. Therefore, all viscera delivered outside the abdominal 
cavity should never be allowed to come in contact with skin. 

With all these considerations, there are cases when in spite of all pre- 
cautions adhesions are formed requiring repeated laparotomy for their 
separation. Flesh-Thebesius reported a case in which the patient was 
operated 23 times for adhesions. 

The treatment is essentially prophylactic, even though there is no single 
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method which prevents the formation of adhesions. One has to handle 
the tissues very gently, never rub them with gauze nor bring them in 
contact with the skin. Careful control of bleeding is essential. The edges 
of the peritoneal lips should be in close approximation so as to leave no 
gaps. 

No drains should be inserted unless there is an absolute necessity. 
.Raw surfaces should be peritonized. All these measures serve as pre- 
ventive. 

Among other attempts to prevent the formation of adhesions should 
be mentioned of covering traumatized surfaces with camphor oil, olive 
oil, vaseline, amniotic or vitreous fluid of the eye, and the like. However, 
once adhesions are formed little can be done for their dissolution. Dif- 
ferent solutions were tried to digest them, such as pepsin, tripsin and 
papain. While some authors reported good results with papam (in 
1:50.000 concentration) others experienced failures. Others tried to pre- 
vent adhesions by promoting peristalsis of the bowel, by changing the 
position of patients in bed and later by massage of the abdomen, but the 
mere existence of so many remedies shows that results obtained by them 
so far have proved ineffective. 

E. Foreign Bodies Left in Abdomen. Tlrough cases are known of 
foreign bodies left in the pleural cavity, in the pericardium and in the 
neck behind the sternohyoid or sternothyroid muscles after thyroidec- 
tomy, for evident reasons, most frequently they are left in the abdominal 
cavity and particularly in gynecologic operations. 

As a matter of fact, the first such case was recorded in 1859 by Ols- 
hausen, a great gynecologist in tho«c days. It is estimated that foreign 
bodies are left four times as frequently in pelvic than in other abdominal 
operations. It is difficult to say how often a foreign body is left in the 
abdomen. Many times such ca«es arc not reported when they occur; in 
others the forgotten foreign body may not give symptoms and, there- 
fore, never discovered. However, that such accidents do occur even now 
in spite of all precautions, is a matter of record. It is usually considered 
that in one out of 1000 laparotomies a foreign body is forgotten in the 
abdomen. Small stick sponges, less frequently large laparotomy sponges, 
hemostats, hooks, glass rods, towel clips and pins are among the for- 
gotten objects. 

In about 10 to 15 per cent, the foreign bodies cause immediate com- 
plications, most frequently pain and peritonitis, so that the patients 
have to be reoperated before they have a chance to leave the hospital. 
In this group the mortality is high, reaching about 50 per cent. 

In the majority of cases the foreign bodies become encapsulated or 
occasionally remain silent in the sense of earning no symptoms. The 
longest case on record is Ossipov's in which the foreign body was en- 
capsulated in the abdomen for 25 years. Though this group of encapsu- 
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lated foreign bodies does not give such an high mortality as the previous 
group it still reaches to about 25 per cent. There were offered many sug- 
gestions how' to obviate or even to make impossible the occurrence of 
this accident. However, none has proved fool proof. Large laparotomy 
sponges should have a tape, clamped by an artery forceps which should 
be kept outside the abdominal cavity. Irrespectively whether they do 
have or do not have tape, it is inadvisable to permit the entire length of 
the laparotomy sponge to be inserted within the abdominal cavity; one 
end of it always should be outside the abdomen. It is much easier to lose 
a stick sponge, for which reason they should not be left for hemostatic 
purposes, but used only for sponging and immediately taken out. It cer- 
tainly is not advisable to have several stick sponges at the same time, 
especially for the control of bleeding. 

However, the surest way of not forgetting any object is care on the 
part of the surgeon and his first assistant. They should always think of 
such a possibility and that it has happened even to the greatest masters 
in surgery- It goes without saying, that immediately before the closure 
of the peritoneum all the sponges and instruments should be counted. 

F. Keloids and Ossification of the Scars. Keloid transformation 
of the scar is not an infrequent occurrence. It occurs often in negroes. 
Apart from being unsightly, it does not give any trouble. Ossification of 
a scar with actual bone formation is quite a rare occurrence, 70 such 
cases having been reported to date. 

Drainage of the Abdominal Cavity 

Drainage of the abdominal cavity in frank peritonitis or potential 
peritonitis after laparotomy was an accepted surgical measure in the 
last century. Mikulicz stressed the folly of routine drainage of the ab- 
dominal cavity as early as in 1881 and urged to do it only in definite 
conditions. Yates, in 1904, showed on dogs that a drain introduced into 
the abdominal cavity through the abdominal wall fails to communicate 
W’ith the general peritoneal cavity six hours after its insertion. Carmine 
injected into the cavity through another opening did not escape through 
the drain tract, even if a large amount and under increased pressure 
was introduced. In other words, the drain was walled off by adhesions 
from the rest of the peritoneal cavity so completely that even fluid could 
not penetrate this barrier. He also demonstrated that in the presence of 
peritoneal infection this six hour period was shortened and the adhesions 
which formed were more dense and harbored micro-organisms for a 
longer period than tracts formed in the abdomen that were not pre- 
viously infected. 

F. Rost showed that fluid injected through a drain inserted twelve 
hours previously could not reach the general peritoneal cavity but was 
regurgitated through the space between the drain and the abdominal lips. 
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There experimental findings were in accord with clinical observations 
made by several surgeons at about the same time. Hotchkiss, in 1906, 
reported a group of 28 cases of acute appendicitis with ruptured ap- 
pendices of which 16 were not drained with only one lethal case and 12 
were drained with four deaths. Similar results were recorded by Bauer 
in a study of 88 cases published in 1911. 

P. Clairmont and M. Meyer, in 192G, reported 176 cases of perforated 
appendix of which 152 had the abdomen clored without drainage. Their 
conclusion was that though secondary abscesses in the abdominal cavity 
were formed more often in cases which w ere not drained, a larger number 
of patients had a smooth recovery and remained permanently in good 
health under non-drainage than those whose abdominal cavity was 
drained. 

Other surgeons had the same experience. Marchini found that in cares 
of ruptured appendices with local peritonitis, those without drainage 
gave a 1.7 per cent mortality as compared with 5 per cent for drained 
cases. Patients with diffuse peritonitis who were not drained gave 20.6 
per cent mortality as compared with 30.6 per cent for those in which 
drainage was instituted. 

The reasons why drainage increases the mortality and morbidity rate 
may be summarized as follows: 

1. A drain in a few hours ceases to drain; it becomes a foreign body 
walled off by adhesions from the general peritoneal cavity. 

2. The drain increases formation of adhesions with potentially partial 
or complete intestinal obstruction and or fecal fistula, activating an 
already existing peritonitis. 

3. The drain irritates the abdominal wall and cavity producing puru- 
lent discharge, which, by gravity, reaches and remains at the bottom of 
the wound and becomes an excellent culture medium for pathogenic 
micro-organisms. Some of this infected fluid overflows the channel and 
escapes through the drain; this was wrongly interpretnted by many as 
proof that the drain does the work by diverting outside the purulent 
contents of the peritoneal cavity. 

With the advent of chemotherapy the use of drains became still more 
limited and it is nou - relegated only to cases with a circumscribed abscess. 
In all other cases of local or general peritonitis, the abdomen is clored 
and 5 gms. of sulfanilamide or sulfathiazole is put into the peritoneal 
cavity before closure of the abdomen and followed by the parenteral or 
oral administration of sulfa drugs and of penicillin. 

Early Risin'G. Early rising after laparotomy is by no means of recent 
origin. Emil Pies, of Chicago, was probably the first who used to employ 
it since 1899. 

However, it passed nearly unnoticed until Kronig advocated it in 
Germany, in 3906, and it was only in the late twenties that it was advo- 
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cated in some clinics. Even now it is used only by a comparatively small 
number of surgeons. However, the experience with this method runs 
into many thousand of cases and, therefore, some definite conclusions 
as to its value can be reached. 

Early rising can be classed as: 

a) Immediate rising, when the patient leaves the operating table and 
walks, assisted or unassisted, to his bed; and 

b) Early rising when the patient gets up from the bed on the third 
postoperative day and is up and around. 

The reason why some surgeons advocate early rising is because it 
lessens such complications as retention of urine, obstipation, colicky 
pain, pulmonary embolism, and thrombophlebitis. Any fear of eventra- 
tion is not justified as shown by the collected statistics. Thus, Manuel 
Giagni reported from Hospital de Asunci6n of Rosario, Argentine, 184 
cases of immediate or early rising in which no such complications oc- 


curred. 

His cases arc grouped as: 

Chronic appendicitis 121 

Acute appendicitis 20 

Inguinal hernia 21 

Hysterectomy 11 

Gastro-enterostomy 5 

Ovarian cyst 3 

Epigastric hernia 2 

Ruptured ectopic pregnancy 1 


184 cases. 

Livius Cam pea nu and AI. Papp collected 3197 case reports comprising 
appendectomies, herniotomies, gastro-enterostomies, gastric resections, 
cholecystectomies, hysterectomies and extrauterine pregnancies in which 
the patients either left the operating table immediately or left the bed 
not later than on the third postoperative daj'. In all these cases the post- 
operative complications occurred less frequently than in comparable 
number of cases in which the patient stayed in bed eight to ten days. 

It has to be borne in mind, however, that not all cases can be routinely 
permitted to rise immediately or early. 

After spinal analgesia the patient should stay in bed at least 24 hours 
even if the operation performed was a simple uncomplicated appendec- 
tomy. In case of acute infectious surgical diseases early rising may pro- 
duce embolism and, therefore, is contraindicated. Among other contra- 
indications to early rising should be mentioned severe myocardial dam- 
age and drains in the abdominal cavity. 
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Urgent Surgery of the Stomach 
and Duodenum 

By Julius L. Spivack 

ACUTE PERFORATION OF PEPTIC ULCER 

Perforation of gastric or duodenal ulcer is one of the most serious 
emergencies confronting the surgeon. The sudden onset, acute course, 
and high mortality place these cases among the most trying experiences. 
HISTORICAL NOTE. Perforation of gastric ulcer has been known to the med- 
ical profession since the middle of the eighteenth century. Sir John Finch 1 gave 
an account of the death of Henrietta Anne of England, daughter of Charles I. 
He reported that the autopsy revealed a perforation in the middle of the ante- 
rior wall of the stomach ; a large amount cf fluid was found in the free peritoneal 
cavity. 

Perforation of a duodenal ulcer was reported in 1746 by Hamberger 1 of 
Jena. Later, several reports were published in different countries. One of the 
most interesting cases was that described by Penada 1 of Padua. It concerned a 
perforated duodenal ulcer of a butcher thirty five years of age. Penada re- 
corded the symptoms preceding perforation, immediately following it, and the 
late signs of generalized peritonitis. His description may well be presented by a 
contemporary surgeon for its lucid accuracy despite its dating back to 1791. 
This clinical report was succeeded by one of an autopsy finding: The investiga- 
tor observed about three inches below' the pylorus an oblong opening resembling 
an incision made with a knife, measuring 8 by 2 lines.* The external edge of this 
cleft was of considerable thickness; to the touch it was hafd and indurated. The 
peritoneal cavity roDhamed a terge amount of .fluid and undigested foexh 

Brinton, 3 in 1856, gave an excellent presentation on the subject of gastric 
ulcer. 

In tho United States the first report on perforation of duodenal ulcer was 
presented by O’Hara 4 in 1876 before the Philadelphia Pathologic Society. 

Mikulicz,* in 1880, operated upon a patient with a gastric perforation. The 
patient died a few hours after closure of the perforation. In 1885 and 1887, 
Czerny performed an unsuccessful operation by suturing a perforated ulcer. 
Both Van Wahl, in 1889, and Mouisset, in 1890, published the report of a fatal 
case. Heussner,® in 1892, performed the first successful gastrorrhaphy for per- 
forated gastric ulcer. R. F. Weir, 7 was probably the first in the United States 
successfully to perform in 1896 gastrorrhaphy for a perforated gastric ulcer. 
In all these cases the method consisted of simple closure of the opening, al- 
though in some it was difficult to close the gap. The edges were indurated and 
the sutures cut through so that the opening was enlarged rather than repaired. 
H. Braun® likewise failed to close the opening at first. In an attempt to over- 
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come this (1893) he covered the opening with a detached piece of omentum 
which he fixed to the anterior wall of the stomach by a series of interrupted 
sutures. Bennett,* of London, in 1896, did not cover the cavity with omentum 
but u«ed non-detached omentum to plug a gastric perforation; the patient re- 
covered. 

In some cases, after closure of an opening, especially c!o«e to the pyloroduo- 
denal junction, a stricture of the pylorus ensued. In order to overcome this com- 
plication, Braun proposed to supplement gastrorrhaphj' by gastrojejunostomy. 
Haberer, 11 in 1919, advocated gastrectomy as an operation of choice. Dowden, 15 
in 1909, described his method of treating a perforated ulcer. He excised the ulcer 
and supplemented this procedure by pyloroplasty. 

Etiology. The literature reveals that cases of gastric and duodenal 
ulcer have been increasing in number. This applies also to cases of per- 
foration but at an even greater ratio. The actual proportion of ulcera- 
tions and perforations is difficult to determine. In some series the ratio 
is as low as I per cent, while in others it reaches 30 per cent. It would 
seem that the ratio is determined by the type of patients who comprise 
the series of ca«es. Observations in private clinics are chiefly made on 
well-to-do patients who have the means of receiving the best care; there- 
fore, the incidence of perforations is lower than in a group of patients 
treated in some charitable institution of a large metropolitan area. To 
arrive at a correct conclusion, therefore, it is necessary to collect statis- 
tics of thousands of cases. Bager 15 found that of 9,474 cases of gastro- 
duodenal peptic ulcer, perforation occurred in 38.1 per cent. Eliason and 
Ebeling 11 reported an incidence of perforation slightly above 10 per cent 
in a series of 729 ca«es of peptic ulcer from the combined records of the 
University of Pennsylvania and Philadelphia General Hospital. Dc- 
Bnkey 13 found an incidence of perforation of 13.2 per cent in a series of 
33,439 ca^s of gastroduodenal ulceration. 

Sex Incidence. Perforation occurs overwhelmingly in the male at a 
ratio of about 18 to 1. This cannot be explained by the fact that ulcer 
occurs more frequently in the male and, therefore, perforation is pre- 
dominant in the male, because the ratio of non-perforated ulcer is only 
3 to 1. Probably one reason for this may be the fact that men who have 
ulcers are more careless in their habits, i.c., excessive physical exertion, 
intake of large quantities of food, and the like, all of which may precipi- 
tate perforation. However, it is interesting to find from reports dating 
back to the middle of the last century that there was a considerable 
preponderance of perforations of women over men. At the beginning of 
the twentieth century the proportion was about equal, and only during 
the third decade of this century has there been a male preponderance. 
At the present time many clinics report that about 90 to 95 per cent of 
nil ruptured ulcers occur in male patients. Brinton 1 , in 185G, stated that 
GS per cent of all patients with perforated gastric or duodenal ulcer were 
women. Judine, 15 in 1939, showed in a series of 1,355 cases that only 2 



J'L’UFOKATfOX OF PEPTIC VLCFK 119 

per cent were female patients. H. L. Thompson, 17 in a series of 500 eases 
of perforated ulcer, published in 1937, reports 94.2 per cent in male and 
5.8 per cent in the female sex. DeBakcy, 15 in a large scries comprising 
about 15,000 cases found that the occurrence in women was only 7.7 per 
cent. Several surgeons have pointed out that in women perforation of 
the stomach occurs more frequently than perforation of the duodenum. 

Age. As peptic ulcers occur preponderantly between the ages of 
twenty and fifty, the same holds true about perforations. Approximately 
70 per cent of all cases of perforation take place in this period. Neverthe- 
less, perforations have been recorded in infants two days old, and at the 
ages between eighty and ninety. Many surgeons have pointed out that 
perforated duodenal ulcer occurs more frequently in persons under forty, 
while in those over fifty gastric rupture is more frequent than duodenal 
perforation. 

Race. With the exception of the Indians all races show about equal 
proportions in the incidence of perforation. The Indians manifent a ratio 
five times greater than that of Caucasians, Negroes or Mongolians. 

Seasonal Variations. There is a slight preponderance of peptic 
ulcer in the spring and fall over the suirirer and winter; to some extent 
this applies also to perforation of these ulcers. While perforation occurs 
more frequently in the spring and fall, the condition does not differ ap- 
preciably from that during the summer and winter. 

Occupational Variations. It is a common belief among physicians 
that the highly strung individual, especially of the intellectual type, is 
more frequently subject to perforated gastric and, particularly, duo- 
denal ulcer than others; however, the statistical review of many series 
does not substantiate this contention. 

Exciting causes of perforation are: excessive consumption of alcohol, 
physical exertion, foci of infection and trauma of the abdominal wall. 
Several cases of rupture of a gastric or duodenal ulcer have been reported 
after fluoroscopic examination. 

Pathology. Peptic ulcers commonly occur as single and round lesions, 
ranging in size from a few millimeters to 1 cm. in diameter. They may 
be soft and superficial, when they are acute and of recent origin, or in- 
durated of callous consistency, when they are of the chronic variety. 
Most perforated ulcers are located close to the gastroduodenal junction. 
Prior to perforation this area is frequently inflamed and its topography 
becomes distorted. In many cases it is, therefore, difficult to determine 
at the time of operation whether the perforation is on the gastric or 
duodenal site of Mayo’s vein. In other words, it is difficult to determine 
from a gross inspection whether it is a perforated gastric or duodenal 
ulcer. This was the chief reason why in the past opinions varied widely 
as to the relative frequency and site of gastric and duodenal ulcers. This 
is reflected in the statistics of Bager 13 who claims that from 1,488 cases 
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of perforated ulcer 30.7 per cent were duodenal, as compared with Ju- 
dine’s 1 * report who found in a series of 928 cases 87.5 per cent duodenal 
ulcer. Judine's claims are based upon microscopic studies of resected 
tissue and, therefore, his estimates are more reliable. A statistical review 
of 729 cases by Eliason and Ebeling” shows that 80 per cent of all per- 
forated ulcers are on the duodenal site. Generally, it may be stated that 
most statistical surveys of recent years reveal a preponderance of per- 
forated duodenal over gastric ulcers in an approximate proportion of 
80 to 20. 

Site of Perforation. Duodenal perforation occurs in the first por- 
tion in about 98 per cent, while perforation in the second portion of the 
duodenum takes place only in 2 per cent of all cases. In the first portion 
it occurs about ten times as frequently on the anterior than the posterior 
wall. Perforation in the second portion occurs three times more frequent- 
ly on the anterior than the posterior wall. 

Gastric perforation occurs on the lesser curvature close to the pylorus 
in about 70 per cent, and on the lesser curvature close to the cardia in 
only 15 per cent; perforation in the remaining cases appears on the pos- 
terior wall or close to the greater curvature. Generally, the ulcer per- 
forates into the free peritoneal cavity but, occasionally, into some viscus, 
such as the gallbladder, extrahepatic bile duct-; lungs, pancreas, or 
spleen. 

Re-perforations occur in less than 1 per cent of all perforations. 
Pearsc, 18 in reviewing the literature, found 33 re-perforations in 4,1 S3 
cases. 

Multiple perforations are very rare. Judine claims that in 900 cases he 
encountered only one with multiple perforations. Hurst and Stewart 1 * 
observed at postmortem examinations that about 12 per cent of all cases 
of perforation were multiple. In collective statistics, compiled from large 
numbers of cases, the incidence of multiple perforations is only about 4 
per cent. Multiple perforations usually consist of two such lesions; how- 
ever, three and even four simultaneous perforations have been reported. 

Bacteriologic Examination. In about one-half of all cases of per- 
foration the contents escaping from the stomach are sterile; in the re- 
maining half they yield positive cultures. Frequently, they are strepto- 
cocci (COper cent), staphylococci (25 per cent), to a leaser extent Bacillus 
coli, diphtheroid, aerogeneous and pneumococci. 

Symptomatology. The symptoms arc characteristic depending upon 
the time which is allowed to elapse between perforation and medical 
examination and upon the extent and site of perforation, whether the 
ulcer ruptured into the free peritoneal cavity, some viscus, or an en- 
capsulated space. In about 90 per cent the patients are able to give a 
history of indigestion and other digestive disturbances ranging from a 
few days to many months. Most of these patients state that some days 
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prior to rupture pain and discomfort were aggravated and not relieved 
by alkalines. In most cases the perforation takes place while the patient 
is active or after a meal. However, it also occurs frequently in an empty 
stomach while the patient is asleep. 

When the patient is seen’ immediately after perforation the most 
striking symptom is pain. It appears suddenly, is very intensive, and 
spasmodic or constant; it may be generalized or localized. Localized pain 
is most frequently centered in the epigastrium and then, in order of 
frequency, in the right lower quadrant, hypogastrium, right upper quad- 
rant, in the back, left upper quadrant and left lower quadrant. In about 
one-fourth of all cases the patient also complains of referred pain in the 
shoulders. The order of frequency is ordinarily the right shoulder, both 
shoulders, or the left shoulder. The pain in the shoulders is due to trans- 
mission from the branches of the phrenic nerves in the diaphragm to the 
main trunk (Ci+C«) and from there to the clavicular and acromial 
branches. Since the rupture is most frequently of the prepyloric or 
duodenal ulcer type, the pain is referred to the right shoulder. Perfora- 
tion occurs less frequently halfway between the pylorus and the cardia 
and, therefore, pain in both shoulders is infrequent. Perforation is rarely 
close to the cardia and hence few cases are observed with pain referred 
solely to the left shoulder. 

Tenderness and rigidity are prominent symptoms. Rigidity is general- 
ized and present in more than 90 per cent of all perforations; it is so pro- 
nounced that many clinicians designate it as “boardlike.” However, 
sometimes tenderness and rigidity are localized and occasionally they 
are absent; in the latter case diagnosis may be extremely difficult. 

Nausea and vomiting is present in about 50 per cent of all cases. 

The external appearance of the patient is characteristic: pale face, 
anxious expression, cold perspiration on the face; the nostrils are 
widened; the skin is cold and clammy; respiration is of the costal type 
and shallow; the patient being afraid to move lies immobile. The general 
impression is that of a state of shock as described in many manuals; 
however, the pulse is only slightly accelerated, is of good quality and the 
blood pressure is not much lowered; in other words, the patient is rarely 
in a state of actual shock. 

Temperature is normal or subnormal in the first stage; later, when 
signs of peritonitis appear, the temperature rises. The pulse is moder- 
ately increased, i.e., about 90. Respiration increases to 24 to 30 per 
minute, is shallow and costal in character. Liver dullness is diminished 
or absent in about 60 per cent. Free fluid, is usually, found in cases in 
which perforation took place at least eight hours prior to examination. 

This primary stage persists two to four hours and is followed by the 
intermediate stage or stage of masked peritonitis. During this stage 
the symptoms cease to be acute; the pain is lessened, the muscles of the 
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abdominal wall become softer, the pulse slows down, anxiety is less 
pronounced and the skin becomes warmer. 

If the patient is first seen at this stage by a surgeon with limited ex- 
perience, the condition may not be recognized until the succeeding stage 
of frank peritonitis. A more experienced surgeon, however, does not 
overlook the symptoms of masked peritonitis. The abdominal wall is 
rigid and tender, the patient lies with his legs flexed in the knees and 
hip joints, and has pain in attempting to change his position. The pelvic 
peritoneum is extremely tender. This may be elicited in a woman by 
vaginal, in men b}' rectal examination. The tenderness is due to accumu- 
lation of the gastrointestinal contents which escaped into the pelvic 
cavity and irritation of the pelvic peritoneum. It is noticeable two to 
three hours after perforation but may never appear if the perforation 
is small or when it is sealed promptly. Thus tenderness of the pelvic 
peritoneum is of great diagnostic significance although its absence does 
not disprove perforation. 

Hemorrhage in connection with perforation does not occur frequently. 
In the past surgeons did not associate the«c two conditions; in fact, it 
was a common belief that "bleeding ulcers do not perforate and per- 
forated ulcers do not bleed.” However, investigations into a great num- 
ber of cases have revealed that almost 8 per cent of perforation 1 ’ arc 
accompanied by bleeding, as illustrated by melena or hematemesis, or 
both. This incidence is observed most frequently in patients in their 
fifties or sixties. The subject of hemorrhage in perforated peptic ulcer 
will be discussed later. 

Laboratory Findings, Blood examination shows a decided leuko- 
cytosis even in the first stage and more so in the second and third stages. 
The average white cell count reaches 15,000, but cases with a count as 
high as 40,000 have been reported. The percentage of polymorphonu- 
clear cells averages about SO. Occasionally, leukopenia is found with a 
white cell count as low as 3,000. 

X-ray examination is of great value, especially in doubtful cases. 
Weinberger, 10 in 1908, observed by x-ray accumulation of gas under the 
diaphragm. Popper, 51 in 1915, reported a case in which he observed gas 
under the diaphragm fluoroscopically. He explained the picture as air 
which escaped from a perforated peptic ulcer. Weiland" made the same 
observation in 1915. Lenk,” in 1910, called attention to the diagnostic 
significance of free air in the peritoneal cavity. 

Most roentgenologists examine the patient in an upright position. In 
this position it was found that in 20 to 25 per cent of the cases of rupture 
there was no air in the abdomen. Vaughan and Brams,’ 1 in 1925, re- 
ported fifteen cases of anatomically proved perforations of gastric or 
duodenal ulcer, in thirteen of which air was shown roentgenologically. 
Finsterbusch and Gross,* 5 in 1932, stated that they gave preference to 
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the left lateral decubitus position because, in this way, even a very small 
amount of gas can be observed in contrast to the dense shadow of the 
liver, the diaphragm and lateral wall of the abdomen. Vaughan and 
Singer, 26 in 1933, studied ninety-seven cases of perforated gastric and 
duodenal ulcer, and came to the conclusion that the most favorable 
position in which to detect air is that of the patient lying on his left side. 
Williams and Hartzell,* 7 in 1940, reported a series of sixty-eight patients 
with perforated gastroduodenal ulcer who were fluoroscoped in the left 
lateral decubitus position; failure of detection was reduced from 25 per 
cent in upright examination to 11 per cent in the left lateral decubitus 
position. 

Diagnosis. A history of digestive disturbances prior to an acute at- 
tack, the preceding aggravation of the symptoms which were not re- 
lieved by dietary measures, severe abdominal pain, board like rigidity 
of the abdominal muscles, the characteristic expression of the face, and 
detection of air under the diaphragm, all these factors render a clear 
diagnosis possible in 90 per cent of all cases. However, a proper diagnosis 
becomes difficult in atypical cases, e.g., when the ulcer ruptures into a 
hollow viscus, or when the contents escape into the cecal region along 
the lateral border of the ascending colon, or the original opening closes 
spontaneously by means of an omental plug. Some of the erroneous diag- 
noses are, in the order of their frequency, acute appendicitis, acute 
cholecystitis, intestinal obstruction and acute pancreatitis, also acute 
mesenteric thrombosis and ectopic pregnancy. Nevertheless, such errors 
in diagnosis are not the cause for fatal consequences as these conditions 
require surgical intervention. However, there are some non surgical con- 
ditions which may be mistakenly diagnosed as acute perforated ulcer 
and a laparotomy would harm the patient seriously. Such conditions 
are: pneumonia, coronary thrombosis, renal or biliary colic, gastric 
crises of tabes and acute alcoholism. 

Differential Diagnosis. In differentiating perforated ulcer from any 
other condition, the task is facilitated if any extraperitoncal process is 
primarily excluded. In an intra-abdominal affliction pain and tenderness 
are associated, the latter being intense at one particular point of the 
abdomen; the pain is aggravated by a change of position. Bearing this in 
mind it is comparatively easy to differentiate intra-abdominal from 
extra-abdominal diseases, such as central pneumonia or coronary throm- 
bosis. 

In coronary thrombosis the pain does not appear in a flash; there is 
no abdominal muscular rigidity and no point of maximum tenderness. 
Pain and tenderness are not necessarily associated and pain is not ag- 
gravated by movement. Fluoroscopy of the patient, in a left lateral 
position, reveals air in 95 per cent of cases of perforated ulcer. 

In right side pneumonia there may be great epigastric pain and 
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rigidity of the abdominal muscles; the patient may lie prostrate. There 
is fever, a high pulse rate, rapid respiration; digital examination of 
rectum or vagina does not reveal tenderness of the pelvic peritoneum; 
there is no liver dullness. 

Differentiation from biliary colic. Severe pain, moderately fast pulse, 
and the expression of the face may be identical in biliary colic and peptic 
perforation. However, the preceding history is different. In biliary' colic 
pain and jaundice are reported by the patient, the pain radiating to the 
subscapular region. The abdominal wall is not or only moderately rigid; 
the patient is restless and tries to find a more comfortable position. Liver 
dullness is not diminished and the pelvic peritoneum is not tender. 
Roentgenoscopy reveals free air in about 90 per cent in cases of per- 
forated ulcer; there is none shown in cases of biliary colic. 

Differentiation from renal colic. The history may reveal renal attacks 
or hematuria, or passing of small stones (gravel). The patient may com- 
plain of pain radiating to the testicle. The abdomen is not rigid nor is 
there any fear of moving; but decided restlessness and efforts to find a 
more comfortable position exist. 

Gastric crises of tabes dorsalis may give a picture of excruciating 
pain and collapse. However, there may be a history of similar attacks 
in the past. Physical examination may show soft abdominal muscles, 
absence of patellar reflexes and the Argyll-Robertson sign. There is no 
tenderness of the peritoneum upon rectal examination and liver dullness 
is not diminished. 

Acute pancreatitis may be readily mistaken for perforated gastric or 
duodenal ulcer, although the pain is more intense, rigidity more con- 
fined to the epigastric area and not as generalized as in perforation of 
gastric or duodenal ulcer. Glycosuria, a positive Loewi test and an in- 
crease in the diastase contents in the urine point to pancreatitis, in addi- 
tion to bilateral lumbar pain and slight jaundice. There is no free air 
observed in the peritoneum. 

Intestinal obstruction may resemble perforation in cases of strangula- 
tion of a bowel. In both conditions there is extreme pain, vomiting, 
collapse, but in obstruction the abdominal wall is soft, at least in the 
early stage. The x-ray picture is so characteristic of each of these condi- 
tions that this alone prevents diagnostic errors. 

Ruptured ectopic pregnancy may be accompanied by severe abdominal 
pain, vomiting and shock. The history reveals irregular menstruation; 
the patient is extremely anemic which can be especially observed in pale 
lips, nails and conjunctiva. There Is only mild tenderness and slight 
rigidity in the lower part of the abdomen. It has been pointed out 
previously that free air is found in about 90 per cent of all cases of 
ruptured peptic ulcer and, therefore, its presence at once rules out a 
diagnosis of ectopic pregnancy. 
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Prognosis. Statistics have revealed that the rate of immediate mor- 
tality in cases of perforated gastric or duodenal ulcer is high, ranging 
from 10 to 40 per cent, 25 per cent being a conservative estimate. The 
fatal outcome is determined by several factors, such as the time elapsed 
between perforation and operation, sex, age, site and extent of perfora- 
tion, whether it ruptured into the free peritoneal cavity or viscus, 
preoperative management, type of anesthesia employed, type of opera- 
tion performed, and the general constitution of the patient. However, 
there has been a marked tendency toward lowered mortality. The time 
elapsed between perforation and operation is probably the most de- 
cisive single factor. Studies of a large number of cases have shown that 
the mortality is doubled when operation is performed six to twelve hours 
after perforation, trebled after twelve to twenty-four hours; it is esti- 
mated to be almost five times as great if the operation is done twenty- 
four hours after perforation as compared with operations performed 
within six hours. 

Sex. The mortality among women is relatively higher than among 
men. Considering the fact that in peritonitis the mortality in women is 
lower than in men, it is surprising that women present a higher mortal- 
ity in perforated ulcer than men. No satisfactory explanation for this 
apparent peculiarity is available. 

Age plays a great prognostic rdle. The rate of mortality is the lowest 
under thirty, is almost doubled between the ages of thirty and fifty, 
and increases fourfold between fifty and seventy. 

Site of Perforation. It has been found that mortality is higher in per- 
forated gastric than duodenal ulcer. This may be explained by several 
factors. In gastric perforation the opening is usually larger and, there- 
fore, spillage is more abundant; the contents are more acid and, thus, 
more irritating and the shock more increased; it occurs more frequently 
in older patients who are in the group with a higher rate of mortality. 

Anesthesia. There is no unanimous opinion as to what constitutes 
the most effective anesthesia. If the blood pressure is above 130, spinal 
analgesia should be employed because the bowels are almost motionless 
and do not crowd the operative field. However, if the blood pressure is 
low, spinal analgesia is not advisable because it may reduce the blood 
pressure to the shock level. In cases of low blood pressure general or 
local anesthesia should be administered, using ether, ethylene or cyclo- 
propane in general anesthesia. The disadvantages of general anesthesia 
is that strong inspiratory movements during the induction period com- 
press the diaphragm and, by pumping the stomach to some extent, expel 
some of the gastric or duodenal contents into the free peritoneal cavity. 

Local anesthesia may be employed in cases in which the perforation 
is immediately located as, otherwise, the manipulations involved in its 
search are very painful and exhausting to the patient. Until the surgeon 
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opens the abdomen he is in no position to determine whether or not he 
will have difficulties in locating the ulcer; therefore, local anesthesia is 
not advisable unless the patient is in too bad a condition to risk any 
other type of anesthesia. This is why statistical reviews record the highest 
rate of mortality in the application of local analgesia. Consequently, the 
erroneous deduction is frequently made that local anesthesia involves 
the greatest risk, thereby not allowing for the fact that it is usually 
carried out on patients in a very bad general condition. 

Type of Operation’. All being equal, the simpler the operation the 
less is the immediate operative mortality. Nevertheless, many other 
factors have to be taken into consideration when selecting the type of 
operation. This will be discussed later in the “Evaluation of Different 
Operative Procedures.” 

Treatment. The therapy of perforated ulcer is surgical. In very rare 
instances patients have recovered without an operation but these were 
cases in which an omental plug spontaneously sealed the opening im- 
mediately after perforation, or when the ulcer perforated into a hollow 
viscus, such as the gallbladder or jejunum. Such cases are exceptional 
and it should be borne in mind that the mortality of non-operative eases 
is almost 300 per cent. 

Keeping in mind that the shorter the period between perforation and 
operation the lower the mortality rate, the least time should be spent 
on preoperative treatment. It should be confined to injecting morphine 
hypodermically, administering coraminc or another heart stimulant, 
and introducing normal saline and glucose, intravenously or subcu- 
taneously. The patient should be taken to the operating room without 
delay, regardless of the amount of saline solution that has been adminis- 
tered. If not much of it was given, it may be continued in the operating 
room while proceeding with the operation. 

Evaluation of Different Surgical Methods 

Several procedures are employed, such as simple closure with or with- 
out supplementary' gastroenterostomy, excision of the ulcer and P3'loro- 
plasty, and partial gastrectomy. In the United States and England sim- 
ple closure is most frequently employed whereas most surgeons on the 
continent of Europe prefer partial gastrectomy. 

Simple closure is in itself a simple procedure. It was first performed 
by Mikulicz in 1880 in the treatment of a perforated peptic ulcer; since 
then it has become the most widely used method. It is simple in its 
technic and requires very little time; it does not necessitate intricate 
instruments nor special training on the part of the assistant.. Even a 
surgeon with limited experience may employ it and the method is, there- 
fore, very useful in emergency surgery. 

There are several minor variations in its technic: (1) elo'nire by 
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through-and-through interrupted sutures, two or three in number, pene- 
trating through the entire thickness of the gastric wall and followed by 
a second row of sero-serosa sutures (Lembert) (Fig. 44, A). This method 
is employed in cases of extensive perforation and when the ulcer has in- 
durated edges. (2) Seromuscular purse-string suture followed by a few 
Lembert sutures (Fig. 44, B). This method is used in small perforations 
and when the ulcer is not indurated. (3) Omental graft over the opening 



Fio. 44. Perforated gastric ulcer. Simple closure. 

(For details, sec the text.) 

after closure as described in (1) and (2) (Fig. 45, A). (4) Use of an 
omental plug to close the perforation. This method is employed in cases 
with an extensive indurated area in which closure by mere suturing 
would not be secure (Fig. 45, B). We do not consider this method ad- 
visable for the reason that the, surgeon should resort to excision with 
pyloroplasty in cases in which the area is so extensively indurated that 
simple sutures would not ensure safe closure. (5) Cellan-Jones method. 
This method consists in plugging the opening with omentum. Its 
technic in detail is described later. 

The advocates of simple closure prefer this method to any other for 
the following reasons: (a) Acute perforated ulcer is an emergency. The 
patient may be in a state of shock or greatly weakened; the operative 
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area is contaminated. Under these conditions the surgeon’s sole responsi- 
bility toward the patient is to close the opening to prevent almost certain 
death due to peritonitis. Any other treatment for the patient’s cure 
has to be postponed until the patient recovers to a point at which he is 
enabled to withstand a more extensive operation. This is particularly 
emphasized by -the growing tendency to lower the rate in operative mor- 
tality by performing a series of fractional operations. For instance, in 
thyrotoxicosis, when the patient is considered a poor operative risk for 



Fig. 45. Perforated gastric ulcer. Closure with omentum. A. Omentum over 
the opening. B. Omental plug. 

a bilateral thyroidectomy, the surgeon confines himself to the removal of 
one lobe and operates upon the other when the patient’s condition per- 
mits it. 'When it appears likely that even the removal of one lobe may 
endanger the patient, the surgeon resorts to ligation of the vessels of the 
upper and lower poles on the same side or of the upper pole alone. Ex- 
perience has shown this to be advisable because the rate of mortality has 
been thus lowered. The same applies to other organs: when a patient 
seems unsuited for a gastrectomy in one stage, it is carried out in two 
stages by performing gastroenterostomy in the first stage and removing 
the affected part of the stomach, with closure of the duodenal and gastric 
stumps in the second stage. 

In about GO per cent of all cases the simple closure not only takes 
^ care of the immediate emergency but, actually, has a curative action; 
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the patient remains free from symptoms. In the remaining 40 per cent 
of patients only one-third require re-operation at a later time, the others 
faring well under medical care. In other words, onl}' about 15 per cent 
of all patients with perforated gastroduodenal ulcer in whom perfora- 
tion is closed by simple suture, need to be re-operated upon. If this is 
done at the optimum time, it is to the greater advantage of the patient 
than during an acute emergency. 

Simple Closure with Gastroenterostomy. This method was first 
employed by Braun 8 in 1897. Later, it was advocated by Hartman, 
Moynihan and others, for the following reasons: (1) A perforated ulcer, 
in the majority of cases, lies close to the pyloroduodenal junction, and 
closure of the opening may constrict the pyloric outlet. (2) Even when 
the closure of the perforation does not appreciably constrict the pyloric 
canal the mere passage of food along the area where the perforation 
was closed will keep the suture line under tension and, thus, retard heal- 
ing by peristaltic contraction of this part. By doing gastrojejunostomy, 
with the opening proximal to the perforated point, the tension on the 
closed area is diminished, thus enhancing the healing process. 

The opponents of this method raise the following objections: The 
method considerably prolongs the operation and, thereby, increases the 
immediate mortality rate. Patients with perforated peptic ulcer have 
an increased acidity. Gastroenterostomy involves the risk of a peptic 
ulcer being produced at the site of the stoma. Ulcers at this locality are 
very troublesome. 

Excision of Ulcer and Pyloroplasty. This method of treating per- 
forated peptic ulcer was introduced by Dowdcn 1 * in 1909; however, it 
never gained popularity. The following reasons were given for its employ- 
ment: (1) an indurated infectious lesion is removed; (2) normal tissues 
heal more rapidly than indurated structures; (3) the "unphysiologic” 
gastroenterostomy is replaced by a physiologic procedure, thus eliminat- 
ing gastroenterostomy and the possibility of formation of peptic gastro- 
jejunal ulcer; (4) the period of operation is not appreciably increased. 
Nevertheless, this method has not been widely accepted but we believe 
it to be a rational procedure because it does not require much time, obvi- 
ates the necessity of any other supplementary procedure in cases in 
which the mere closure of perforation would constrict the pyloric outlet ; 
it also removes indurated infectious tissues. However, if the induration 
is so extensive that excision of a large amount of tissue becomes neces- 
sary', the operation is mechanically not applicable. 

Partial gastrectomy is advocated by Continental European sur- 
geons. Haberer, 11 in 1919, recommended it as an operation of choice for 
perforated gastric or duodenal ulcer. Judine, 1 ® in 1939, reported a per- 
sonal series of 937 cases with the unusually low rate of mortality of 8.9 
per cent. 
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The followers of gastrectomy advocate its use for the following 
reasons: It removes not only the pathologic area but also the entire 
ulcer-bearing and acid-producing region. Thus, it cures not only pallia- 
tively but radically 80 per cent of all cases, whereas, by mere closure of 
the perforation, only 60 per cent are cured. Of the latter group about 25 
per cent require medical attention at a later date and 15 per cent have 
to be re-operated upon. 

On the other hand, the opponents of gastrectomy point out that the 
rate of immediate mortality after gastrectomy is considerably higher 
than after simple closure. The fact that some surgeons who perform this 
operation for perforated ulcer are able to show a low rate of mortality 
docs not disprove the claim of the opponents that mortality after 
gastrectomy is always higher than after simple closure. The reason 
why some skilled surgeons have been able to show a low mortality rate 
is that they have been working in superior university clinics of large 
cities. If this method were employed in small community hospitals 
where frequently only a casual operator is available, gastrectomy would 
have disastrous results. As in many cases of perforation streptococci 
are present, it is advisable to use sulpha derivatives in the abdominal 
cavity and abdominal wall. Five to 10 gm. of sulfanilamide or sulfa- 
thiazole powder is placed in the peritoneal cavity around the lesion, 
and about 3 to 5 gm. in the abdominal wall. 

Many reports show that the local application of drugs of the sulfa 
group substantially reduces the mortality rate. Although the drugs are 
applied locally, its action is systemic since determination of sulfa drugs 
in the blood shows that, after placing 10 gm. of the powder in the peri- 
toneal cavity and 5 gm. in the abdominal wall, its maximum concentra- 
tion in the blood is reached within four hours and amounts to about G 
mg. per 100 cc., of blood. After four hours it begins to diminish and dis- 
appears within twenty-four to forty-eight hours. It is also advisable to 
administer this drug after operation intravenously until the temperature 
drops to normal. 

Drainage. We do not drain the peritoneal cavity after operation* on 
the stomach. Prior to introduction of the sulfa drugs we u«ed to place a 
Penrose drain into the abdominal wall down to the sutured peritoneum 
with the loose end left outside between two interrupted skin sutures in 
those cases in which we were suspicious of contamination of the abdomi- 
nal wall. Since the sulfa drug* became available, we introduce 5 gm. of 
powdered sulfnthiazolc into the abdominal wall and dose it without 
drainage. 

Postoperative Treatment. When the operation is completed the 
patient is given 2,000 to 3,000 cc. of normal salt solution, or 10 per cent 
glucose by vcnoclyris, or 5 per cent hypodermically every twenty-four 
hours. Undoubtedly, venociysis is more convenient to the patient than 
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liypodermoclysis and it should, therefore, be employed wherever the 
patient can be under constant close supervision for the possibility of a 
fatal overloading of the heart due to the intravenous administration of 
fluids. With hypodermoclysis an overloading of the heart, by rapid 
absorption, does not occur and, therefore, its use is advisable where 
adequate facilities are not available. The amount of fluid given each time 
is 1,000 cc. 

Furthermore, a Levine tube is inserted into the stomach and kept 
there for twenty-four to forty-eight hours. If symptoms of peritonitis 
appear, the tube is retained for a longer period. The patient is given 
morphine, gr. J, two to three times daily. When there are no complica- 
tions, the Levine tube is removed after forty-eight hours and the patient 
takes liquid nourishment, e.g., milk, cream, and later is placed on an 
ulcer diet. Complications which may arise are treated accordingly. 

Complications arise in a large number of cases of perforations; ac- 
cording to some statistics as much as in 50 per cent. In the order of fre- 
quency they are: pulmonary complications, peritonitis, wound infection, 
subphrenic abscess; these compose about 90 per cent of all complications. 
Furthermore, there is gastric hemorrhage, pelvic abscess, intestinal ob- 
struction, duodenal fistula, gastric fistula, thrombophlebitis and otitis 
media. 

Causes of Death. The causes of death in the order of frequency are 
bronchopneumonia, lobar pneumonia, peritonitis and, occasionally, 
embolism and gastric hemorrhage. 

Operative Surgical Technic 

Simple Closure. In cases of small perforation and when the ulcer is 
not indurated the following technic may be applied: 

First step: The abdomen is opened by a right paramedian incision. 
The abdominal cavity is cleansed of gastric contents. 

Second step: Two or three interrupted sutures of chromic catgut No. 1 
arc inserted through the edge of each lip so as to'penetrate the entire 
thickness of the gastric wall (Fig. 44, A). 

Third step: The first row of sutures is reinforced by a second layer of 
interrupted sutures of silk or linen which penetrate only the seromuscu- 
lar layer (Fig 44, A). 

Fourth step: The abdomen is closed without drainage. 

Another method of treatment of small perforated and not indurated 
ulcers is as follows: 

First step: As in the previously described method. 

Second step: A purse-string seromuscular suture of silk or linen is 
made with the ends tied together; this is followed by a second layer of 
two or three interrupted seromuscular sutures of silk or linen (Fig. 
44, B). . 
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Third step: Same as fourth step in previous!}- described operation. 

In cases of large perforations it h the gastric wall in the vicinity of the 
perforation being indurated, the following method may be employed: 
First step: The abdomen is opened as in the preceding methods. 



Fia. 4G. Closure of perforated gastric ulcer by Celbn-Jones method. 

Second step: Two or three chromic catgut No. 1 interrupted sutures 
are made through the entire thickness of the gastric wall, and the ends 
are tied with moderate force to prevent the threads from cutting through 
the gastric wall. 

Third step: A small piece of omentum, not detached from its main bulk 
is placed over the perforated area and fixed to the anterior gastric wall 
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by several interrupted sutures of plain catgut No. 1 (Fig. 45, A). 
Fourth step: The abdomen is closed without drainage. 

If, however, the ulcer in the vicinity of the perforation is indurated 
to such an extent that the edges cannot be even loosely approximated, 
the following technic may be employed: 

First, step: As in the preceding operations. 



Iia. 47, Posterior gastroenterostomy. Location of the first jejunal loop. 

Second step : A piece of the omentum, not detached from the mass, is 
plugged tightly into the perforation and fixed to the adjoining margin 
of the ulcer by means of a fine Pagenstecher linen thread (Fig. 45, B). 
This is repeated in several places. 

Third step: The abdomen is closed without drainage. 

Cellan-Jones Method. First step: The abdomen is opened as in the 
preceding operations. 

Second step: Two through-and-through sutures are inserted in such 
a way that each thread enters into the lumen from without, at a distance 
of one-quarter inch from the margin of the perforation, leaving the lumen 
from within at a distance of one-quarter inch from the other lip of per- 
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foration. Each thread is clamped by an artery forceps. A seromuscular 
suture is placed above the perforation and one below it. The ends of the 
threads are clamped by means of an artery forceps (Fig. 46, A). 

Third step: The central part of each thread is raised into an arch, and 
a piece of omentum, held by a forceps, is placed over the perforation; 
the ends of the threads are tied together (Fig. 46 B and C). 


Fia. 48. Posterior gastroenterostomy. A rent is made in transverse mesocolon 

Fourth step: The abdomen is closed without drainage. 

Simple Closure with Gastroenterostomy. The merits and dis- 
advantages of this method were discussed earlier. Its technic is the fol- 
lowing: 

First step: The abdomen is opened; the operative field examined, and 
the gastric contents are sponged from the peritoneal cavity. 

Second step: The opening in the stomach is closed by the means de- 
scribed in the other methods. 

Third step: Gastroenterostomy is performed as posterior or anterior 
procedure with enteroanastomosis. 
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Posterior gastroenterostomy involves the following steps: (1) The 
colon is lifted with the left hand and the transverse mesocolon is put on 
a moderate stretch (2) The first jejunal loop is located by means of the 
Woelfler-Socfti method: The right hand is placed on the vertebral column 
at the base of the transverse mesocolon so that it rests on the body of 
the second lumbar vertebra with its index finger sliding to the left of 





Fio. 40. Posterior gastroenterostomy. A portion of posterior gastric 
wall is pushed downward through the opening in the transverse mesocolon. 

this vertebra. The loop which lies between the index finger and the left 
side of the second lumbar vertebra is the first loop of the jejunum. A 
segment of the first jejunal loop, starting two inches from the duodeno- 
jejunal junction and extending four inches, is grasped (Fig. 47), the 
contents are squeezed from it and the loop is compressed axially by an 
intestinal clamp which is tight enough to prevent an escape of intestinal 
contents but not so tight as to shut off circulation. (3) An opening is 
made in the transverse mesocolon, perpendicularly to the long axis of 
the colon (Fig. 48). This opening Is at the left of the main stem of the 
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middle colic artery, an area with comparatively few blood vessels 
(“avascular area of Riolan”). (4) A part of the posterior wall of the 
stomach is pushed downward through the opening in the transverse 
mesocolon (Fig. 49) in the following manner: 




Fio 50 Posterior gastroenterostomy. A. Clamping n gastric fold. B. Clamping « 
jejunal fold. C. Rotation of the jejunal fold D. Gastric and jejunal folds are placed side 
by side. 

The surgeon places the tip of his little finger of the left hand on the 
anterior wall of the stomach close to the angular notch. The index finger 
is placed on a vertical line running from left end of the cardia to the 
greater curvature, at a distance of one inch from the greater curvature. 
The middle and fourth fingers are placed between the little and index 
fingers. Then the four fingers push the stomach through tlic rent in the 
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mesocolon and, thereby, the posterior gastric wall appears below the 
transverse mesocolon (Fig. 49). The ends of the protruding part of the 
stomach are held at each end with Allis forceps. The posterior half of the 



Fig. 51. Posterior gastroenterostomy. Technic of anastomosis A. Scro-serosa suture 
is inserted. Ligation of small blood vessels traversing across the mucosa. Mucosa is not 
opened yet. B. Placing seromuscular-seromuscular sutures. The mucosa is not opened yet. 
C. Incision of the mucosa. D. Suturing the mucosa of the stomach to that of the jejunum. 

circumference of the rent in the transverse mesocolon is sutured to the 
gastric wall (Fig. 49). The protruded part of the stomach is then grasped 
by an intestinal clamp in such a manner that its handle is directed 
toward the left shoulder and its tip toward the right hip joint (Fig. 50, 
A). The jejunal fold is held in such a way that the handle of the clamp 
is directed toward the right hip joint and its tip toward the left shoulder 
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(Fig, 50, B). The clamp holding the jejunum is then turned ISO degrees 
so that the handles of both clamps lie side by side (Fig. 50, C and D). 
The proximal part of the jejunum lies, therefore, adjacent to the part 
of the gastric fold close to the lesser curvature, and the distal jejunal end 



Fro. 52. Posterior gastroenterostomy. A. Suturing tlie gastric nuicosa to that of the 
jejunum anteriorly. 11. Suturing the muscular layer of the stomach to that of the jejunum 
C Suturing the serosa of the gastric wall to that of the jejunum. D The anterior lip of 
the transverse mesocolon is sutured to the anterior gastric wall. 

lies at the side of the gastric portion closer to the greater curvature. (5) 
Anastomosis is carried out between the gastric and jejunal folds in the 
same manner as a lateral intestinal anastomosis between two segments 
of a bowel (Fig*. 51 and 52). (6) When the anastomosis is completed the 
anterior lip of the opening in the transverse mesocolon is sutured to the 
stomach close to the suture line of the anastomosis thus preventing a 
loop of small bowel from slipping into the ring and being strangulated 
(Fig. 52, D). 
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The technic of anterior gastroenterostomy is as follows: (1) After the 
abdomen is opened the transverse colon is lifted as described in previous 
operation. (2) The location of the first jejunal loop is done exactly in the 
same way as described above; however, instead of utilizing a segment of 



Fia. 53- Anterior gastroenterostomy with cntcroanastomosis. 

bowel two to three inches away from the duodenojejunal junction it is 
utilized a loop situated at a distance of twelve to sixteen inches away 
from the same junction. The length of the segment is four inches — the 
same as in case of posterior gastrojejunostomy. (3) A portion of the an- 
terior wall of the body of the stomach, close to the greater curvature and 
parallel to it, is grasped axially for a length of four inches in an intestinal 
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clamp. (4) The gastric and intestinal segments are laid side by side 
isoperistaltically. (5) A lateral anastomosis is carried out in the same 
manner as in two loops of bowel. (6) A lateral intestinal anastomosis is 
added between the afferent and efferent loops of the bowel (Fig. 53). (7) 
The abdomen is closed without drainage. 



Fig 54. Excision of a perforated ulcer with a pj loro plasty. 

A. Excision of the ulcer. 

B. Placing the first layer of through-and-through sutures. 

C. Placing the second layer of sero-serosa sutures. 


Excision of Perforated Ulcer with Pvloroplastt. The claims 
advanced in connection with this method were discussed earlier; its 
technic is the following: 

First step: The abdomen is opened as in the preceding methods; the 
abdominal cavity ia cleansed from the escaped gastric contents. 

Second step: A rhomboid or elliptical incision is made around the per- 
forated area (Fig. 54, A). The excised part should include all indurated 
edges. 
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Third step: The opening is closed in a direction perpendicular to the 
axis of the pyloric canal. The first layer penetrates the entire thickness of 
the gastric and duodenal walls (Fig. 54, B ), and the second layer is sero- 
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mechanical point of view. In perforations in which the ruptured gastric 
ulcer is at some distance from the pyloroduodenal junction, excision of 



Via. 56 Partial gastrectomy. A. Division of the gastrocolic ligament between clamps 
It. The right and the left gastroepiploic arteries are divided and the divided ends teed 
already. A clamp is seen beneath the right gastric artery preliminary to its ligation 
C Division of the first portion of the duodenum between two clamps. 

the ulcer and suturing of the stomach in two layers is relatively nmple 
procedure. 
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Partial gastrectomy is performed with the Billroth I or Billroth II 
method. Whereas, in a gastric perforation both Billroth methods may 



Fro. 57. Partial gastrectomy. Closure of the duodenal end by {Parkcr-Kcrr method. 
(For detailed description, see the text), t 

be employed, the Billroth I may not always be possible in duodenal per- 
foration. The following is a description of the Billroth II operation and 
some of its modifications: 
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Billroth II and Its Modifications.* 

a. Polya method (partial gastrectomy plus closure of the duodenal end 
plus end-to-side implantation of the remaining portion of the stomach 
into the first jejunal loop retrocolically). 

First step: The abdomen is opened by a left paramedian incision. 

Second step: Division of the gastrocolic ligament for the required 
length between clamps (Figs. 55, 5GA). 



Tia. 68. Partial gastrectomy. Ligation of the left gastric artery. 


Third step: Severing of the right gastroepiploic artery between two 
ligatures (Fig. 56, B). 

Fourth step: Severing of the left gastroepiploic artery between two 
ligatures (Fig. 56, B). 

Fifth step: Division of the right gastric artery between two ligatures 
(Fig. 56, B). 

Sixth step: Division of the gastrohepatic ligament between clamps. 

Seventh step: Division of the first portion of the duodenum between 
two crushing clamps (Fig. 56, B). 

• For evaluation of different methods, the indications for their employment and detail* 
of technic, the reader is referred to Spivack’s “The Surgical Technic of Abdominal Opera- 
tions” Charles C Thomas, Publisher, Springfield, Illinois, 1010 This presentation Is con- 
fined to only a few methods. 
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Eighth step: Closure of the duodenum over the lower clamp by the 
Parker-Kerr method (Fig. 57). 

Ninth step: Double ligation of the left gastric artery (Fig. 58). 

Tenth step: An opening is made in the transverse mesocolon, to the 
left of the middle colic artery; the first jejunal loop is located by the 


l 



Fro. 59. Partial gastrectomy. A. The first jejunal loop is carried through a rent In trans- 
verse mesocolon and placed along the posterior gastric wall. B. Seromuscular-seromuscular 
suture connecting the jejunum and the posterior gastric wall. C. The stomach is being 
cut away between the Fayr clamp and the seromuscular suture line. 

Woelfler-Socin method, and carried through this opening and placed 
along the posterior wall of the stomach so that the proximal end of the 
jejunal loop lies at the lesser curvature and the distal at the greater 
curvature (Fig. 59). 

Eleventh step : A seromuscular suture connects the jejunal loop with 
the posterior wall of the stomach, along a line running one-quarter inch 
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proximal to the line connecting the ligated left gastric with the left 
gastroepiploic arteries. The stomach and jejunum are clamped behind 
the suture line by means of intestinal clamps (Fig. 59, B). 

Twelfth step: A Payr or other crushing clamp is placed upon the 



Fio. CO Polya method (final view). Insert A. Jloflmcister-rinstercr's modification, 
s. Stomach, je. Jejunum, c. Colon P. Pancreas. «) Duodenum 

stomach about one inch distal to the seromuscular suture line- A linear 
incision is made through the jejunal wall, one-sixth inch from the sero- 
muscular suture line. The stomach is cut away by a linear inci«ion 
between the Payr clamp and the seromuscular suture line, at a distance 
of one-third inch from this line (Fig. 59, C). 

Thirteenth step: A lateral anastomo-ds is completed between the 
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jejunum and the remaining portion of the stomach (Fig. 60). 

Fourteenth step: The stomach is sutured to the circumference of the 
transverse mesocolon to prevent a loop of bowel from slipping into the 
ring of the transverse mesocolon. 

Fifteenth step: The abdomen is closed without drainage. 

b. Hoffmeister-Fjnsterer Modification of the Polya Opera- 
tion: First to tenth steps same as in the Polya operation: 

Eleventh step: A seromuscular suture connects the first jejunal loop 
with the posterior wall of the stomach along a line running one-quarter 
inch proximal to the line connecting the ligated left gastric with the left 
gastroepiploic arteries. The length of this suture-line is four inches; it 
starts at a point four inches from the greater curvature. In other words, 
only the lower four inches of the line connecting the ligated points of 
the left gastric and left gastroepiploic arteries arc utilized for the 
anastomosis (Fig. 60). 

Twelfth step: An intestinal clamp grasps axially the loop of the 
jejunum behind the seromuscular suture line; another intestinal clamp 
grasps the stomach behind the seromuscular suture line, while care is 
taken that the entire length of the line extending from the lesser to the 
greater curvature is within the grasp of the forceps which should be 
placed one inch proximal to the seromuscular suture line. 

Thirteenth step: A crushing clamp is placed across the stomach in 
front of the seromuscular suture line, at a distance of onc-third inch 
from it and extending from the greater to the lesser curvature. The 
stomach is cut off between the seromuscular suture line and the clamp 
close to it. 

Fourteenth step: The portion of the stomach between the point of the 
lesser curvature and the upper point of the seromuscular suture is 
closed by a continuous, through-and-through suture of chromic catgut 
*2. 

Fifteenth step: An incisions is made through the wall of the jejunum 
at a distance of one-sixth inch from the seromuscular suture, and a 
lateral anastomosis is performed between the jejunum and the lower 
four inches of the stomach which has not been closed in step 14. The 
thread used for the seromuscular suture in step 11 is now running up- 
ward and, after reaching the upper end of the anastomotic line, continues 
upward on the part of the stomach above the anastomosis, thus peri- 
tonizing it. 

Sixteenth step : The edges of the transverse mesocolon are sutured all 
around the stomach. 

Seventeenth step: The abdomen is closed without drainage. 

c. Billroth II Method (Partial gastrectomy plus closure of the duo- 
denal end plus closure of the stomach end plus posterior gastroenteros- 
tomy) (Fig. 61). This is the earliest type of gastrectomy. Though it is 
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not used as often as Polya method, it still is used from time to time. 
Its technic is as follows: 

Steps 1-9. The same as in Polya method. 

Tenth step: Placing of two intestinal clamps across the stomach: one 
distal to the ligatures on the left gastric and left gastroepiploic arteries, 
and the other proximal to the same arteries. Cutting of the stomach 
between the two clamps. 

Eleventh step: Closure of the severed end of the stomach, which is 
occluded by the proximal intestinal clamp; closure is made in two layers: 



the first by through-and-through sutures and the second in a sero- 
muscular row. 

Twelfth step: Making a rent in the avascular area of transverse meso- 
colon in the same location and manner as described for posterior gastro- 
enterostomy; location of the first jejunal loop by the Woclfier-Socin 
method and grasping it axially by means of an intestinal clamp. 

Thirteenth step: Protrusion of the posterior wall of the stomach 
through the opening in the transverse mesocolon and performance of the 
lateral anastomosis between stomach and bowel are carried out in the 
same manner as described in the technic of posterior gastroenterostomy. 


BLEEDING PEPTIC ULCER 
General Remarks 

Bleeding occurs in 20 to 30 per cent of all peptic ulcers. It varies in 
intensity from mere oozing, which can be detected only by a chemical 
examination for occult blood, to a profuse hemorrhage which may be 
fatal within a short time. Severe hemorrhage may lead to hematemesis, 
melena or both; it may show other symptoms of excessive loss of blood, 
such as rapid and small pulse, pallor of skin and mucous membranes, and 
the like. The incidence of bleeding peptic ulcers, its clinical manifesta- 
tions and course vary considerably with different surgeons and clinics. 
This may be explained by the fact that some clinics place a patient with 
the same degree of bleeding into different groups. Moreover, the different 
types of surgical treatment of such patients adds to the difference in the 
mortality rate. 

Those surgeons who consider mere oozing as “bleeding” report a high 
percentage of bleeding ulcers and a lower mortality rate than those who 
classify bleeding only when it is manifested by hematemesis or melena. 
There is a widespread impression, not only among the laity but also the 
profession, that patients seldom die from a hemorrhage in peptic ulcer. 
Statistics do not confirm this contention but show that 5 per cent of 
individuals treated for peptic ulcer die from hemorrhage. There is also 
a widespread belief that bleeding ulcers do not perforate and perforated 
ulcers do not bleed; however, this claim is also erroneous. The literature 
reveals that in a great number of cases almost 8 per cent of all perfora- 
tions are accompanied by bleeding ulcer prior to the accident or follow- 
ing it. However, it should be borne in mind that bleeding is more fre- 
quent in older than in younger patients with peptic ulcer perforation. 
Statistics show that, while perforation of peptic nicer occurs most fre- 
quently in the age group of thirty to forty, the accompanying bleeding 
is most frequent in the age group between fifty and sixty years. This 
increase with advancing age is due to the more frequent presence of 
arteriosclerosis and hypertension in the older group. The incidence of 
hemorrhage is by far greater in men than in women, the ratio being 
3 to 1. 

Diagnosis 

The diagnosis of a bleeding ulcer is not difficult. Slight oozing may be 
clinically unnoticed, but the least suspicion of bleeding renders a diag- 
nosis simple. A chemical analysis of the gastric contents or feces for 
occult blood reveals the condition. When the loss of blood is 50 cc. or 
more the stool is tarry; in instances of great loss of blood melena or 
hematemesis may set in. The clinical symptoms of great loss of blood 
depend upon the rate at which the blood is lost. If gradual, the patient 
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can adjust himself to a veiy low percentage of hemoglobin and the 
blood volume can be adjusted physiologically. If, however, the loss of 
blood is rapid and there is no time for physiologic adjustment, symptoms 
of acute anemia are evident, i.e., rapid pulse, low blood pressure, dizzi- 
ness and pallor. 

Differential Diagnosis. Consideration should be given to the fact 
that bleeding from the gastrointestinal tract does not always imply 
lesions thereof. In most cases, the causes for bleeding lie in a pathologic 
process of the tract and arc referred to as intrinsic. On the other hand, 
in some cases bleeding is due to some pathologic process outside the 
gastrointestinal tract, thus forming extrinsic sources. 

In about 90 per cent of all cases bleeding is associated with peptic 
ulceration of the stomach or duodenum. Among other causative lesions 
are chronic gastritis, benign gastric tumor and gastrojejunal ulcer. 
Hemorrhage may also be caused by ulcers of Meckel’s diverticulum, or 
by a neoplasm of the small bowel. Occasionally, bleeding arises from 
ulcerated esophageal varices, which are the result of obstruction to the 
flow of blood in the left gastric vein by cirrhosis of the liver, para- 
esophageal hernia, or some other cause. Hemorrhage from a peptic, 
gastric or duodenal, ulcer usually has a history of previous indigestion 
and of some kind of treatment for peptic ulcer. A valuable diagnostic 
point in bleeding gastric or duodenal peptic ulcer is that, in most cases, 
it is accompanied by pain, whereas bleeding from the stomach or duo- 
denum from other causes is usually devoid of pain. 

Benign tumors are more often painless and may be recognized roent- 
genologically and gastroscopically. 

In chronic gastritis the bleeding is generally not accompanied by pain, 
and the condition can be recognized gastroscopically. 

Splenic anemia produces recurrent hemorrhages but is not associated 
with pain. As the spleen becomes enlarged only in the late stage of the 
disease, the cause of bleeding may not be recognized but may be er- 
roneously sought for in a gastric or duodenal ulceration. It is only later, 
when the spleen becomes enlarged, that the diagnosis becomes clear. 
In the earlier stages the physician has to depend chieflj' upon the direct 
signs of gastric or duodenal ulcers. 

Hepatic cirrhosis is frequently accompanied by an enlargement (hyper- 
trophy) or diminution (atrophy) of the liver, ascites and icterus. In such 
cases the diagnosis is simple. If there is no change in the size of the liver 
and no icterus or ascites, the diagnosis may be difficult. In tome cases an 
x-ray flat plate may show varices of the lower esophageal veins. 

Diaphragmatic hernia may occasionally be the cause of gastric hemor- 
rhage. The ring of the esophageal hiatus may compress the stomach and 
partially obstruct the flow of venous blood from the eosphageal tribu- 
taries of the left gastric vein, and produce stasis and varices which may 
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rupture and result in hemorrhage. The diagnosis of diaphragmatic hernia 
can be established radiologically. 

Ulceration or neoplasm of the small bowel are rare conditions which 
may run a course without any apparent symptoms. Therefore, the entire 
digestive tract should be x-rayed in obscure cases of gastrointestinal 
bleeding. 

Bleeding from ulcerated Meckel’s diverticulum is a rare occurrence. A 
diverticulum can be diagnosed radiologically, and if there is bleeding 
without evidence of gastric or duodenal disturbances, it may be pre- 
sumed that the bleeding arises from the diverticulum. 

Bleeding from ulcerated duodenal diverticulum is extremely rare. Never- 
theless, the author had a patient with a bleeding diverticulum of the 
second portion of the duodenum. 

Late postoperative hemorrhage occurs in some cases several months after 
a stomach operation. In the case of an operation for bleeding gastric or 
duodenal ulcer the recurrence may originate from the old ulcer. How- 
ever, if the operation was performed for non-bleeding ulcer, the source 
of bleeding may be a peptic gastrojejunal ulcer at the stoma. This ulcer 
can be roentgenologically determined when it has penetrated not only 
the mucosa but also the muscular layer; however, if only the mucosa is 
involved the ulcer can be diagnosed only gastroscopically. 

Among the extrinsic causes are malignant nephrosclerosis and hemor- 
rhagic diathesis. 

Treatment 

The treatment of bleeding ulcer is medical or surgical. In the majority 
of cases medical treatment is the therapy of choice. It is chiefly at- 
tempted because the mortality rate is lower than in surgical interven- 
tion and only when medical treatment fails should surgery be resorted 
to. However, there are definite considerations which may necessitate 
immediate operation without preliminary medical treatment. It has 
been indubitably proved that the greatest majority of bleeding patients 
who succumb belong to the group above the age of forty-five. Ninety 
per cent of all fatal cases are patients over forty-five years, although 
only forty per cent of bleeding cases are above this age. This would mean 
that a patient below the age of forty-five may be reasonably expected 
to recover with medical treatment provided that blood pressure and 
pulse are checked every half hour or hour. If the blood pressure does not 
drop steadily and if the pulse is not accelerated, the patient has every 
chance of recovery. But, if the blood pressure drops below 90 mm. of Hg. 
and the pulse rises to about 120, immediate surgery is indicated. In 
cases in which the blood pressure falls to 70 mm. of Hg. and the pulse 
reaches 130, a blood transfusion must be given at once and followed 
immediately by operation. 

In patients above forty-five years the requirements for procedure are 
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different : Since 90 per cent of all fatal case", due to bleeding ulcer, belong 
to this age group, the surgeon should be prepared for surgical interven- 
tion, especially when the patients show symptoms of arteriosclerosis or 
hypertension, because in such cases there is no tendency for the bleeding 
to stop. Even if it does cease, it is apt to recur. If hemorrhage occurs in a 
patient with chronic ulcer of long standing, it may be assumed that there 
is an abundance of scar tissue which prevents retraction of the eroded 
end of the bleeding vessel so that there is no spontaneous cessation of the 
bleeding. It is evident that in such a case only surgery can stop the 
hemorrhage. If a large ulcer of the posterior gastric wall adheres to the 
pancreas and erodes a blood vessel, there is virtually no possibility that 
the bleeding will stop spontaneously. In such cases immediate surgery 
is indicated. 

It is of special importance to determine whether the bleeding arises 
from a duodenal ulcer because it is attended bj’ a higher mortality than 
hemorrhage from gastric ulcer. Moreover, a higher rate of mortality 
may be anticipated in men than in women. All these factors have to be 
borne in mind in the treatment of such patients. 

Medical Treatment. This consisted, until recent years, of rest in 
bed, morphine in sufficient doses to allay the patient's anxiety, absten- 
tion from food for two or three days, to be followed by the intake of 
nlkalizers and the gradual increase of the amount of bland food. At the 
same time, the acute anemia was checked by small doses of blood ad- 
ministered intravenously so as to increase the coagulability of the blood 
without raising the blood pressure. A large amount of blood should not 
be given because it may raise the blood pressure and dislodge thrombotic 
plugs in the bleeding vessels. At the present time essentially the same 
treatment is employed with the important exception of the dietary 
regimentation. We resort to blood transfusion only in cases of great loss 
of blood. We no longer rely upon the blood count and hemoglobin values 
to determine the amount of lost blood, because in the first few hours the 
blood count and percentage of hemoglobin m3}' be almost normal despite 
considerable loss of blood. Usually, some hours elapse following hemor- 
rhage during which the blood count as well as percentage of hemoglobin 
drop. This is due to dilution of blood by fluids coining from tissues of the 
body. At the present time, we rely more upon blood pressure and pul<=e 
rate. If the systolic pressure is below 90 Hg. and the pulse above 120, 
a blood transfusion of 250 ec. should be given. 

Dietetic Considerations. In 1906 Lenhartz pointed out the danger 
of abstention from food as a part of medical treatment. He fed his pa- 
tients with raw eggs and milk immediately following a hemorrhage and 
succeeded in reducing the rate of mortality among his patients to 2.14 
per cent. However, Lenhartz* method did not attract the attention of 
the profession despite his great reputation. 
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In the United States, Andresen was the first to treat his patients by- 
feeding rather than starving them. He based his treatment on the well 
known experiments conducted by the physiologist A. Carlson, who 
showed that an empty' stomach manifests active peristalsis and secre- 
tion. Andresen claimed that it is more beneficial to the patient if the 
gastric secretion is diluted in bland food, thus diminishing the possibility' 
of digesting the clots which plug the eroded vessel. 

Despite excellent results reported by’ Andresen, the method was em- 
ployed by only' a few physicians until Meulengracht’s report in 1933. He 
was able to reduce the mortality’ of cases to 1 per cent, his method being 
essentially' the same as that employed by Lenhartz and Andresen. From 
the beginning Meulengracht gives the patient a liberal amount of food 
of high caloric and vitamin values and in pur<$e form so as to avoid the 
additional burden of grinding upon the musculature of the stomach. 
This diet contains about 2,300 calories and is administered as follows: 
At 6.00 A.M., tea, white bread and butter; 9 A.M., oatmeal with milk, 
white bread and butter; 1.00 P.M., choice of meat balls, broiled chops, 
omelette, fish cakes, fish au gratin, purged vegetables, vegetable soup, 
stewed apricots, apple sauce, rice or tapioca pudding; 3.00 P.M., cocoa; 
6.00 P.M., white bread and butter, sliced meat, cheese and tea. In ad- 
dition, the patient receives three times daily’ a powder containing: 
sodium bicarbonate, magnesium subcarbonate aa 2.0, Extr. Hyosciamini 
0.25. To combat anemia liver extract or iron should be given. 

In 1937, Meulengracht published a report of 368 cases of serious bleed- 
ing from which only' five succumbed to the disease (mortality 1.36 per 
cent). Since his publication this treatment has been widely used and 
numerous reports are published with a mortality' rate of only 1.7 per cent. 

In 1935, Woldman introduced a colloidal aluminum hy'droxide drip 
method for the treatment of bleeding ulcers. Colloidal aluminum hy- 
droxide is a creamy, white substance which is mildly astringent and does 
not irritate the gastric mucosa. The gastrointestinal tract does not ab- 
sorb it; this substance neutralizes the acidity of the gastric juice and 
protects the ulcer by coating it. It is introduced into the stomach by 
means of an in-dwelling nasal Levine tube. Colloidal aluminum hydrox- 
ide has a marked viscosity and it js, therefore, necessary to use a siphon- 
age apparatus. The apparatus employed by Woldman consists of an 
elevated flask filled with water and connected to a lowered empty bottle 
by means of a rubber tube. The empty bottle is connected with a sy'phon 
system which is filled with diluted colloidal aluminum hydroxide which, 
in turn, is connected with the in-dwelling nasal Levine tube. The w'ater 
inflow releases the outflow of aluminum hydroxide at precisely the same 
rate, that is, drop by drop. Ten drops per minute is approximately' the 
proper rate of flow’. The bottles containing the w r ater and aluminum 
hydroxide may' be changed daily. 
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During the first twenty-four hours the patient takes 2 ounces of milk 
and cream every two hours. After the first day the diet includes cooked 
cereals, gelatine, custard, creamed soup, rice and tapioca pudding. The 
colloidal aluminum hydroxide is administered continuously, i.e., day 
and night for ten days. 



Fio. C2. Excision of a gastric ulcer on the posterior stomach wall. A. Cutting of the 
gastrocolic ligament Main picture. The posterior wall of the stomach is turned unto* 
riorly. Ulcer js =een being adherent to the pancreas. 


Several preparations are available containing aluminum hydroxide in 
tablet form, and are used in cases of bleeding peptic ulcer. 

Surgical Treatment. Once surgery is decided upon, the patient 
must be properly prepared. If his blood pressure is below 90 mm. of 
Hg., a blood transfusion of about 250 cc. should be given ; he also has to 



Fig. 63. Management of bleeding ulcer on the post, gastric nail and adherent to the 
pancreas. Ulcer excised from the stomach and left on the pancreas. A. Closure of the 
opening in the stomach. B. Position of the structures after operation. They are the same 
as before operation. 

be employed. The choice and employment of the different type3 of 
anesthesia are described in. the chapter on “Anesthesia in Urgent Sir- 
gery.” 

The operative procedure is determined by the site of the pathologic 
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process, i.e., whether it is in the stomach or duodenum, the condition of 
the patient and the extent of the ulcer. 

In gastric ulcer the following operations may be performed: (I) If 
the patient is in a good general condition, subtotal gastrectomy is ad- 



I'ig Cl. Management of a bleeding duodenal ulcer by exposure and transfixion 
Partial gastrectomy by Polya method (final view). 

I — liter; d — duodenum; s — stomarh; c — colon; p — pancreas. 

visable. (2) If the patient's condition is not good, or if the ulcer is 
situated on the anterior wall, the ulcer is excised and the opening closed. 
In cases in which the ulcer is close to the pyloric outlet and closure of the 
stomach opening after excision of the ulcer would encroach upon the 
pyloric canal, this operation is supplemented by posterior gastro- 
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jejunostomy. If the ulcer is on the posterior gastric wall and adherent to 
the pancreas, the procedure is as follows: 



Fia. 65. Management of a bleeding ulcer on the posterior wall of duodenum. A. Incision 
through the anterior wall of pylorus and first portion of the duodenum. Main picture. 
The ulcer is exposed. 

1 — liver; d— duodenum; 8— stomach; c — colon 

First step: The gastrocolic ligament is divided for a distance of 3 to 
4 inches so that the posterior gastric wall may be turned anteriorly 
(Fig. 62). 



15S 


URGENT SURGERY 


Second step: The posterior gastric wall is cut around the ulcer, leav- 
ing the latter adherent to the pancreas (Fig. 63). 

Third step: The bleeders are cauterized or transfixed with silk liga- 
tures. 

Fourth step: The opening in the stomach is closed (Fig. 63, A). 



Fifth step: The edges of the divided gastrocolic ligament arc sutured 
to each other (Fig. 63, B). 

If the ulcer lies on the le^-er curvature, it is exceed in a w edge-shaped 
form anil, after closing the opening, posterior gastrojejunostomy is car- 
ried out. 

The procedure in a bleeding duodenal ulcer is as follows: (1) If the 
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patient is in good condition the ulcer is exposed, the bleeders are cauter- 
ized or transfixed with silk ligatures, and this is followed by subtotal 
gastrectomy (Fig. 64). (2) If the patient’s condition is not good, the 
technic is determined by the location of the ulcer, i.e., whether it is on 
the anterior or posterior duodenal wall. If it is on the former, the ulcer 
should be excised in a longitudinal direction and the duodenal opening 
closed transversely. If it is on the latter, the anterior wall of the duo- 
denum is opened together with one or two inches of the anterior wall of 
the pylorus (Fig. Go). Suction is applied to give a clear view of the in- 
terior of the duodenum and bleeding ulcer; the latter is transfixed b}- 
means of a heavy silk ligature. The anterior duodenal and gastric walls 
are closed and a posterior gastrojejunostomy follows (Fig. 66). 

Medical versus Surgical Treatment 

It is generally agreed that surgical treatment has a considerably 
higher mortality rate than medical. The reasons for this are manifold: 
In the first place, those patients with bleeding ulcers which arc medi- 
cally treated frequently have moderate bleeding, whereas surgical cases 
represent profuse hemorrhage. Furthermore, most patients with bleed- 
ing ulcers are treated medically, and only when this treatment fails does 
the physician resort to operation. At that stage the patient is evidently 
in a serious condition. 

In consideration of this factor, that medical treatment gives lower 
mortality than surgical, medical treatment is employed in individuals 
under the age of forty-five years and those who have not bled previously. 
In these cases the patient’s blood pressure and pulse are checked every 
half hour. If the pulse does not increase and the blood pressure does 
not drop, medical treatment is continued. However, when the pulse 
reaches 120 and the blood pressure drops to 90 mm. of Hg., surgery is 
indicated. When the pulse reaches J30 and the blood pressure drops to 
70, a blood transfusion is given without delay and is immediately fol- 
lowed by surgery. 

In cases of repeated hemorrhages, and in patients above the age of 
forty-five, surgery should be considered from the onset. Hourly or semi- 
hourly recordings of blood pressure and pulse should be made; if the 
blood pressure drops steadily and the pulse increases rapidly, no time 
must be lost even if there is no melena or hematemesis. 

Mortality 

Twenty to 30 per cent of all patients with gastric or duodenal ulcer 
bleed, and of those who bleed about 5 per cent die from hemorrhage. 
Ninety per cent of the fatal cases are patients over forty-five, although 
only 40 per cent of hemorrhagic cases bleed after the age of forty-five. 
The mortality due to bleeding from duodenal ulcer is higher than that 
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caused by gastric ulcer. The incidence of hemorrhage is about three times 
more frequent in men than in women, and the ratio of mortality of men 
to women is still higher. In fact, women infrequently succumb to gastric 
or duodenal hemorrhage. Hemorrhage from chronic ulcer is more likely 
to be fatal than from an acute ulcer. The mortality rate rises rapidly 
with a second or third massive hemorrhage, closely following the initial 
bleeding.-The mortality rate for patients operated upon depends greatly 
on the time which is allowed to elapse between hemorrhage and opera- 
tion. Finsterer reported only 2.8 per cent mortality in earl}’ resections 
(twenty-four to forty-eight hours after hemorrhage), and 31 per cent 
in late rejections. Most fatalities occur following the first hemorrhage. 
It is estimated that almost 75 per cent of all deaths occur after the first 
hemorrhage. 



ACUTE DILATATION OF THE STOMACH 

Acute dilatation of the stomach develops in 60 to 70 per cent of all 
cases as a postoperative complication. It may occur after any operation 
upon the abdomen, more frequently the gallbladder, but also after surgi- 
cal intervention on any part of the body, such as genitalia, upper or 
lower extremities, and after childbirth. It is observed also after excessive 
intake of food or liquid and also in typhoid fever, pneumonia or diabetes. 
Acute dilatation of the stomach occasionally follows general or local 
anesthesia. It may appear a few hours after an operation, usually within 
twenty-four hours, but may take place some days later. 

The causes of acute dilatation of the stomach are not known. Different 
theories have been propounded of which a neurogenic cause is the one 
most accepted. The dilated stomach may compress the duodenum di- 
rectly by pressure on it, or by pushing the small bowel downward into 
the pelvic cavity; the descended bowels cause the mesentery and the 
superior mesenteric artery to become tense; the superior mesenteric 
artery squeezes the third portion of the duodenum against the spinal 
column, thus producing high duodena! obstruction. Owing to this ob- 
struction, the gastric juice, bile and pancreatic juice have no outlet. 
The production of these juices may reach 1,000 cc. daily and the stom- 
ach becomes greatly distended. According to some reports, during dis- 
tention the stomach occupied not only the abdominal cavity proper but 
also the pelvic cavity down to the symphysis pubis. In some cases on 
record the distention was so great that the serosa and the muscularis 
ruptured and mucosa became herniated. 

Symptoms. The early symptoms are not alike in different patients. 
An early symptom is that of a sense of discomfort. Inspection at that 
time reveals a moderate to pronounced distention of the abdomen in the 
epigastric region. Frequently the demarcation line between the costal 
arch and the abdominal wall disappears. By palpating the abdomen a 
succussion splash is often elicited. The pulse is accelerated, reaching up 
to 120. Nausea is a frequent early symptom. Vomiting is a late symptom 
and is not always present. If present, it is effortless; in other words, it 
is not a forceful ejection of fluid but rather an overflowing of the fluids 
from the mouth. Very often the patient has hiccoughs. The patient’s 
temperature is subnormal (96° to 97° F.). Pain may be an early or late 
symptom; in some cases it does not appear at all. Blood pressure drops 
to shock level. Dehydration and olyguria are late symptoms. 

X-ray Examination. A flat plate will show’ a large homogenous mass 
reaching the pelvis or even the symphysis pubis. In case of doubt, 50 cc. 
of a diluted barium meal will clearly show the contours of the greater 
curvature and thus confirm the diagnosis. 
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The diagnosis is based on a greatly distended abdominal wall, acceler- 
ated pulse, low blood pressure, subnormal temperature, nausea, occa- 
sional vomiting and in doubtful cases on an x-ray examination. 

Treatment. This consists of the following measures: 

1. Decompression of the stomach by continuous suction through a 
catheter introduced into the stomach through the nose. The catheter 
should reach the greater curvature, as otherwise it may not reach the 
fluid level. 

Decompression should be applied for at least thirty-six hours. The 
tube is removed only after the stomach has been tested for its mobile 
activity. This is done by occluding the rubber tubes leading from the 
stomach to the upper bottle and from tha.t to the lower. The patient is 
given fluid by mouth. If he feels no discomfort after one hour’s occlusion, 
the gastric tube may be withdrawn. 

2. Venoclysis with normal saline or Hartmann’s solution should be 
carried out at an average of 3,000 cc. in twenty-four hours. This is essen- 
tial in order to replenish the fluid and mineral salts lost through suc- 
tion from the stomach. Hartmann’s solution replaces not only sodium 
chloride but also the potassium and calcium salts. 

3. Postural change of the patient. In some cases emptying of the 
stomach is greatly enhanced by placing the patient either in a prone 
position (patient lying on the abdomen) or in the knee-chest position. 
The latter position was proposed by Julius Schnitzler of Vienna. We be- 
lieve that suction correctly applied will adequately accomplish the de- 
compression. Placing the patient in a knee-chest position after an ab- 
dominal operation taxes unnecessarily the patient’s strength. 

4. Among the drugs to contract the musculature of the stomach after 
the dilatation has been overcome by decompression, pitressin takes first 
place. 



PERFORATION OF CARCINOMATOUS STOMACH 

Perforation of a carcinomatous growth of the stomach is compara- 
tively rare. Even in a large private practice it is very infrequently en- 
countered and, for this reason, a study of this type of accident is only 
possible from histories recorded in large hospitals. It is exceedingly dif- 
ficult to make a correct preoperative diagnosis so that the condition is, 
in many instances, mistaken for a perforated peptic ulcer. However, 
such a diagnostic error is, from a clinical viewpoint, not serious for the 
patient because immediate laparotomy is necessary in either condition 
and the true nature of the process is then recognized. In gastric perfo- 
ration without palpable metastases, and in a patient of middle age who 
is losing weight and is anemic, it is advisable to carry out a biopsy before 
closing the opening. Sometimes, microscopic examination of a macro- 
scopically appearing peptic ulcer may prove to be carcinoma and a 
radical operation at the earliest possible time is necessary. 

Perforation of a gastric carcinoma was observed by Lacnnec in 1824. 
He not only described it correctly but was able to make a preoperative 
diagnosis to that effect. 

As previously stated, perforation of gastric carcinoma is rare, occur- 
ring in 2 to 4 per cent of all cases of gastric carcinoma. It is observed 
more frequently in men than in women, the ratio being 3 to 1 . 

The clinical course of a perforated carcinomatous stomach does not 
run uniformly. It can be classified as (1) perforation into the general 
peritoneal cavity with a fulminating course, and (2) perforation with a 
silent clinical course. 

Fulminating Perforation. This group constitutes from 50 to 75 per 
cent of all cases of carcinomatous perforation. Its symptoms arc identi- 
cal with those found in perforated peptic ulcer. If differs from the peptic 
group only in that it occurs in persons at the ages of fifty to sixty whereas 
the peptic group is observed chiefly in individuals under the age of forty. 
There are occasional variations as to age and cases have been recorded 
in which perforation of gastric carcinomas occurred in the early twenties 
and in the eighties. 

Diagnosis. Diagnosis of gastric perforation as such is comparatively 
simple, and has been fully discussed in the chapter on “Acute Perfo- 
ration of Peptic Ulcer.” The difficulty arises only in the differentiation 
between carcinomatous and peptic ulceration. If the patient has been 
in the hospital before rupture took place, the diagnosis is not as difficult 
as when the patierit is first seen after perforation. The data obtained 
during the patient’s stay in the hospital before perforation took place, 
such as loss of weight, any quantitative changes in the free hydrochloric 
acid, x-ray of the stomach and so on, are invaluable. With all these data, 
a correct diagnosis can be made in about 50 per cent. But -when the 
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patient is first seen after perforation, the board-like rigidity of the ab- 
dominal wall prevents palpation of a mass, even if it is present. The 
physician may resort to fluoroscopy to detect air bubbles in the free 
peritoneal cavity, and thus confirm a perforation, but he cannot employ 
barium to ascertain whether it is a case of ulcer or carcinoma. It is not 
advisable at this stage to aspirate the gastric contents for determination 
of its acidity. In other words, the most valuable information to facilitate 
a correct diagnosis is not available. Under these circumstances the phy- 
sician has to rely upon the past history which may suggest carcinoma 
or peptic ulcer. It has to be borne in mind that the presence of free 
hydrochloric acid, even in an increased amount, does not exclude the 
possibility of gastric carcinoma. It has been found that in about 30 per 
cent of all cases of perforated gastric carcinoma, free hydrochloric acid 
was present; in some cases the amount was normal, in others it w r as in- 
creased in quantity. 

A further factor that may mislead the surgeon is previous indigestion. 
It is commonly known that patients with a history of indigestion, dating 
back two or more years, suffer from peptic ulcer, and tho^e with a shorter 
period of indigestion may have peptic ulcer or carcinoma. Generally, 
this is correct; however, it has to be remembered that 15 per cent of 
patients with perforated gastric carcinoma show in their history' five 
years of indigestion; 35 per cent report indigestion for more than two 
years, and only 50 per cent state that indigestion started less than tw'o 
years previous to perforation. It is believed that the reason for a long 
history' of indigestion and free hydrochloric acid is that most cases of 
the fulminating type of perforation have carcinoma which developed 
at the site of a former ulcer. 

Some of the erroneous diagnoses on record are: appendicitis, perito- 
nitis, cholecystitis, internal hemorrhage and carcinoma of the stomach. 

Silent Perforation. This group comprises cases in which carcinoma 
appears in a formerly normal stomach and not at the site of previous 
peptic ulcer. Xo free hydrochloric acid is present and in about 90 per 
cent the history* does not reveal previous indigestion of long duration. 
The perforation sets in gradually, and protective adhesions are formed 
go that when an actual perforation occurs the escaped contents do not 
spread over the peritoneal cavity but, in man}’ cases, become encapsu- 
lated. 

Ninety per cent of all patients reveal a history’ of indigestion of less 
than one year’s duration. "When perforation occurs some signs of the 
accident become apparent, such as sudden pallor, anxiety of expression 
and rise in the pulse rate. However, there is no severe pain or marked 
tenderness. A correct diagnosis of these cases is extremely difficult. Sta- 
tistical surveys show that erroneous diagnoses in this group reach up to 
90 per cent, while in fulminating perforation errors are made in about 
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50 per cent of the cases. Tuberculous peritonitis, malignant peritonitis 
and internal hemorrhage have been mistakenly diagnosed for silent 
perforation. 

The site of perforation is, in the order of frequency, on the lesser curva- 
ture in the prepyloric region, on the anterior wall of the prepyloric re- 
gion, on the cardiac end of the lesser curvature, and on the greater 
curvature. It is rare on the fundus, the anterior wall of the body, and 
on the posterior wall of the stomach. 

Pathology. The most frequently encountered diseases are adeno- 
carcinoma, ulcerative carcinoma and medullary carcinoma. The extent 
of the perforation is usually less than one-quarter inch in diameter al- 
though in about 15 per cent of the recorded cases it was larger than a 
one-cent piece. 

jMetastases arc present in about 50 per cent. They are most frequently 
found in the omentum and less often in the liver and pancreas. The 
frequency of metastatic findings illustrates that perforation occurs 
rather late in the course of gastric carcinoma. 

Upon analyzing the symptoms and site of location in fulminating and 
silent perforations, it is apparent that the first group shows a history of 
indigestion extending for several years, free acidity, and location along 
the lesser curvature in the prepyloric region. In other words, fulminating 
perforation occurs in carcinomas which are found where ordinarily pep- 
tic ulcer is located. Therefore, ulcers which are transformed into carci- 
noma have a tendency to become fulminating after perforation, while 
the silent type is observed in gastric carcinomas which develop inde- 
pendently of any other lesion. 

Complication of a Perforated Carcinomatous Ulcer. The most 
frequent complication of a perforated carcinomatous ulcer is contami- 
nation of the general peritoneal cavity with ensuing peritonitis. Next in 
frequency is the formation of a perigastric abscess, gastrocolic fistula, 
subdiaphragmatic abscess, perforation into the abdominal wall, gastro- 
choledochal fistula, perforation into the pleural cavity, perforation into 
the spleen, and gastrojejunal fistula. 

Treatment. The treatment is essentially surgical. Operation may be 
performed immediately upon recognizing the condition, or some hours 
later if the patient is in shock. A blood transfusion is always advisable 
as a preliminary step in carcinomatous patients. The type of operation 
to be carried out is decided upon when the abdomen has been opened. 
Several procedures are available: simple closure, excision with closure, 
closure with gastroenterostomy, and gastrectomy. The ideal operation 
is gastrectomy but it is not always possible owing to its high mortality 
rate. The simplest procedure is closure. However, owing to the friability 
of the edges, there is frequently leakage and death from peritonitis. Aird 
reported a series of twenty-three cases of perforated carcinomatous ulcer 
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treated by simple closure; only three patients lived long enough to leave 
the hospital. This record demonstrates that the mortality for this type 
of treatment is 85 per cent. In some cases simple closure may be contra- 
indicated, e.g., in a case in which the perforation lies clo'e to the duo- 
denum so that closure may produce narrowing of the pyloric canal. In 
such instances closure must be supplemented by gastroenterostomy. 
Sometimes it is possible to excise the growth and clo*e the opening. 
Special care has to be taken not to constrict the lumen of the stomach. 
It is unquestionable that in perforation without metasta«es, with the 
patient in a good general condition, gastrectomy is the operation of 
choice. However, if the patient is not in a good condition, closure or ex- 
cision with closure is an emergency measure, and gastrectomy may be 
performed ten to twelve day? later when the patient has improved. 

Mortality. The mortality rate for all types of operation is extremely 
high. About CO per cent succumb within the first ten days following 
operation and a further 20 per cent within the next six weeks. 



PHLEGMONOUS GASTRITIS 

Although phlegmonous gastritis is rare, the fact that more than 300 
cases have been published justifies calling the attention of the surgeon 
to this disease. The disease begins as a localized cellulitis of the sub- 
mucous layer of the stomach and later becomes diffused or circumscribed, 
the first type being more frequent. 

Etiology. Different pyogenic micro-organisms may produce this con- 
dition. Sundbcrg states that in ninety-five cases of phlegmonous gastri- 
tis, which were examined bacteriologically, the streptococcus was found 
in seventy-one cases. In the rest of the cases, staphj-locoeci, pneumo- 
cocci and bacillus coli were found. 

The method of entrance into the stomach is through the blood stream 
from other diseased organs, such ns infected tonsils, gums, lungs or 
through the mucosa of the stomach injured by lesions such as peptic 
ulcer or carcinoma. 

Whichever the inode of entrance, the micro-organisms grow faster in 
the ease of hypoacidity of the gastric contents. Many investigators 
have found that in mo^t eases the hydrochloric acid is greatty diminished. 
Sticda reported that in sixty-four gastric operations performed on pa- 
tients with low hydrochloric values, the incidence of postoperative in- 
fection was 30 per cent, while in thirty-five cases with high acid values, 
it was only 2.8 per cent. 

. Incidence. This is not as rare a condition as it was assumed in the 
past. Ricgel found only fifty cases in the literature up to 1905; Btimm, 
in 1925, collected as many as 219 cases, and at this time the number 
exceeds 300. Lawrence recorded only two cases from 5,000 autopsies. 

Age. Phlegmonous gastritis may occur at any age, but is usually en- 
countered between the ages of thirty and sixty. According to Eliason 
and Murray-Wrigbt, about 83 per cent of all cases are observed in this 
age period. 

Sex. It is predominant in the male at a ratio of 3 to 1. 

PATiioLOGY.The process usually affects the submucous layer and is, 
as a rule, confined to this area, although in some patients it involves 
the muscularis and serosa, in which case free exudate may be found in 
the free peritoneal cavity. The mucosa is rarely affected. The inflam- 
mation is either diffuse, involving the entire stomach from the cardiac 
to the pyloric end, or circumscribed, affecting merely a portion of the 
stomach close to the pylorus. In the diffuse form both walls are usually 
involved, whereas the circumscribed type attacks only the anterior wall. 
The process seldom extends beyond the limits of the pylorus or the 
cardia spreading to the duodenum and lower portion of the esophagus. 
In circumscribed phlegmonous gastritis the affected part is pale, edema- 
tous, and hard on palpation; it may cause marked bulging of the sero- 
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muscular or mucosa layers; occasionally, the seromuscular layer is rup- 
tured. 

In diffuse phlegmonous gastritis the entire wall of the stomach is 
edematous, and the submucous layer, instead of being a thin sheet, be- 
comes very thick and may reach two-thirds of the entire thickness of 
the gastric wall. A purulent exudate can be squeezed out from the cut 
gastric wall. The rugae of the mucosa are absent and the latter presents 
a flat surface. The diffuse t ype occurs more frequently than the localized. 

Microscopically, the submucous layer is thick and edematous and 
considerably infiltrated by polymorphonuclear leukocytes. In some 
places the submucous layer shows areas of necrosis. The adjacent lymph 
nodes reveal marked inflammatory changes and infiltration with poly- 
morphonuclear leukocytes. 

Symptoms. The diffuse type differs from the circumscribed in that it 
is more acute but symptoms of pyloric obstruction are le«s prominent. 
Phlegmonous gastritis presents a picture of what is commonly termed 
“acute surgical abdomen” and septicemia. The onset is sudden with 
intense and constant pain localized in the epigastric region. The pain 
diminishes if the patient changes from a horizontal to a sitting position, 
a sign of great diagnostic .significance. The pain is followed by vomiting; 
occasionally, the vomitus contains pus which is also of diagnostic sig- 
nificance. The epigastric region is tender and rigid. The abdominal wall 
may be proturberant in the epigastric region and flaccid in its lower 
half. The temperature ranges from 104 to 106°F. but may drop to sub- 
normal values in case of prostration. The tongue i« dry and coated. 
Headache, malaise and thirst are early symptoms. 

Examination of the gastric contents shows, in the majority of cases, 
a marked hypo-acidity. The leukocyte count ranges from 15,000 to 
30,000 per cubic millimeter. 

A characteristic feature of this condition is that pain, vomiting and 
fever persist throughout the entire course of the disease, which varies 
from four days to two weeks. 

In the circumscribed form the symptoms are not as acute, but as the 
process is close to the pylorus, symptoms of pyloric obstruction are fre- 
quently observed. For this reason an erroneous diagnosis of carcinoma 
of the pylorus has been made in a number of cases. 

The differential diagnosis must exclude conditions which run a septic 
course or those producing an acute abdominal disease. One has to rule 
out pneumonia, acute pancreatitis, perforated gastric or duodenal ulcer 
and acute cholecystitis. That the diagnosis is extremely difficult is 
shown by the fact that a correct preoperative diagnosis has been made 
only in a very few instances, and that in many instances the condition 
has not been recognized even during operation, so that its tnie nature 
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was ascertained only on autopsy. Most frequently the preoperative 
diagnosis has been perforated peptic ulcer or acute pancreatitis. In dif- 
ferentiating phlegmonous gastritis from a perforated peptic ulcer it must 



Fio. 67. Management of phlegmonous gastritis. A. Marsupialization of the stomach. 
B. Seromuscular incisions. C. Final view with two drains inserted. 

be borne in mind that in the former pain diminishes when the patient 
changes from the horizontal to the vertical position, while in the latter 
the pain increases when the patient makes any movement. 

Treatment. The mortality rate, whether the treatment be medical or 
surgical, reaches as high as 95 per cent. Nevertheless, surgery offers 
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some hope provided operation is done early. It is always advisable to 
give the patient fluids parenterally and sulfa derivatives and penicillin 
prior to and for some time after the operation. 

The type of surgery to be employed depends upon the condition of 
the patient and upon the extent of the involved area of the stomach. If 
the condition of the patient is fair, partial gastrectomy may be carried 
out if the phlegmon is circumscribed, while subtotal or even a total 
gastrectomy is indicated if the process is diffuse. 

If the condition of the patient is bad, Weinstein and Klein have ad- 
vised marsupialization of the diseased part provided that only the an- 
terior wall is affected, and extraperitonization if both walls are involved. 
When this is accomplished, several small seromuscular incisions of the 
gastric walls are made in order to drain the submucosal space. The 
operation is completed by a temporary jejunostomy which enables the 
feeding of the patient. 

The extraperitonization is bj* no means a simple procedure, because 
the cardiac end is rather immobile and, in diffuse cases, the entire stom- 
ach is affected so that the entire stomach should be extraperitonized. 
That is the reason why some surgeons advise making multiple punctures 
in a diffuse phlegmon without extraperitonization, resorting to marsupi- 
alization or extraperitonization only in the circumscribed phlegmon. 

The technic of extraperitonization is as follows: A small opening is 
made in the gastrohepatic and gastrocolic ligaments; the affected por- 
tion of the stomach is delivered outside the peritoneal cavity: a glass rod 
is carried through both openings behind the posterior gastric wall and 
rests on the abdominal wall; the edges of the peritoneum are sutured to 
the stomach, thus extraperitonizing its protruded portion (Fig. 67). 
Several small seromuscular incisions are made on the anterior gastric 
wall. 

The prognosis is very grave, irrespective of the type of treatment 
employed. 



FOREIGN BODIES IN THE STOMACH 

Foreign bodies in the stomach do not belong to the province of urgent 
surgery as long as no complications arise. They may remain in the 
stomach for years, even decades, without showing any symptoms. 
However, from time to time they produce complications, such as ulcer- 
ations, perforations and obstruction of the stomach or bowel, in which 
case they become problems of urgent surgery. Depending upon the sub- 
stance of the foreign bodies they may be classified into several groups: 

1. Foreign bodies such as nails, pins, tacks and other objects, which 
carpenters, upholsterers and others have a habit of holding in their 
mouths while working. Professional swallowers may have a great num- 
ber of different foreign bodies in their stomachs (Fig. 68). 

2. Trichobezoars consist of hairballs of different size and weight. 
They are usually single, though in some cases they may be multiple. If 
multiple, their sizes may be small, while a single one may occupy the 
entire lumen of the stomach, reaching as much as six and a half pounds 
in weight. They may be of different shape, e.g., U-shaped, bean-shaped, 
oval and the like (Fig. 69). 

Irrespective of the color of the hair ingested, the trichobezoars are 
usually dark brown or black. This is true even if the swallowed hair was 
blonde or red, which evidently is due to a reaction of the gastric contents 
on the hair. 

3. Phytobezoars arc composed of material of vegetable origin, such 
as fibers, seeds, leaves, the skin of fruits, and the like. They mold to- 
gether and form a mass. The fruit most frequently causing such a for- 
mation is persimmon. They are brittle and, in cross section, homogenous 
gummy material can be observed interspersed with skins of fruits or 
seeds. Other fruits or vegetables that may produce phytobezoars are 
cocoanui fibers, ccfery fibers, skins of grapes, prunes and others (Fig. 70). 

4. Concretions may be formed by accumulated drugs, such as salol 
or bismuth. However, they are generally produced by addicts drinking 
furniture polish who crave its high alcoholic content. When such an 
addict drinks water to quench the thirst the resin contained in the polish 
precipitates and forms into a mold like that of the stomach. 

Etiology. Trichobezoars usually occur in young individuals, and 
about 80 per cent of all cases occur between the ages of twenty and 
thirty, while phytobezoars are observed in persons past fifty. 

Sex. Trichobezoars occur in 90 per cent of women and 10 per cent of 
men. Phytobezoars are found in 25 per cent of women and 75 per cent 
of men. 

Symptoms. The symptoms vary depending upon the degree of gastric 
irritation, the presence or absence of associated pathologic processes and 
their character. If ulceration of the gastric wall is present, the symptoms 
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differ from those in which 
obstruction is the main 
complication. However, if 
there are no complications, 
the presence of trichobe- 
zoars may not give rise to 
symptoms for several years 
and even decades. When 
symptoms do arise, they arc 
mild at first; there may be 
anorexia, dyspepsia, some 
loss of weight, feeling of 
heaviness in the epigastric 
region, and a foul odor from 
the mouth which is charac- 
teristic of bezoars. Later, 
the patient may have at- 
tacks of nausea, vomiting, 
epigastric pain, constipa- 
tion or diarrhea. A palpable 
mass can be located in 



the epigastric region in c _ 
about 90 per cent of all 

Fig. Trichobezoars in the stomach (courtesy of 

cases. With phytobezoars Surgtry and Drs A 0chsner and M . Dc Bak ' y)i 
the symptom-free period is 

rather short; the history reveals ingestion of a great number of persim- 
mons. Some days later 
^ ^ -v there is nausea, vomiting 



and cramping pain; there 
may be slight fever. After 
a few more days the at- 
tack subsides and for a 
few weeks the patient is 
comfortable. These at- 
tacks recur every' few 
Meeks and persist for a 
few days. A palpable 
mass in the epigastric re- 
gion can be felt in about 
60 per cent of the pa- 
tients. 

Roentgenographically 


I'm. 70. Phytobezoars m the stomach (courtesy ot Sur- bez ° arS ean ** ^EnoSed 
gery and Drs. Alton Ochsner and M. De Bahey). in about 70 per cent of all 
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cases. Metallic foreign bodies are recognized in 100 per cent. 

The diagnosis may be comparatively simple or very difficult, de- 
pending upon the complications and to what extent they mask the 
original cause underlying the disease. The presence of a large movable 
epigastric mass, accompanied by pain, nausea, vomiting, absence of 
fever, the characteristic picture of bismuth spreading under fluoroscopy, 
facilitate the diagnosis which becomes almost a certainty of gastros- 
copy. 

The Treatment is surgical. It consists of gastrotomy, removal of the 
bezoar and closing of the stomach. It should be remembered that the 
contents of the stomach are extremely foul and, therefore, before open- 
ing the stomach the affected portion of the gastric wall should be walled 
off from the rest of the peritoneal cavity to prevent contamination. It 
should also be borne in mind that trichobezoars occasionally extend into 
the duodenum; therefore, the duodenum should be examined for their 
presence before the abdomen is closed. 

Prognosis. The mortality rate among patients not operated upon is 
very high, for trichobezoars 72.2 per cent and for phytobezoars 55 per 
cent. A fatal outcome is mainly caused by such complications as ob- 
struction and perforation. The operative mortality is comparatively 
low, being 4.8 per cent for trichobezoars and 7 per cent for phytobezoars. 



GASTRIC DIVERTICULA 

Diverticula of the stomach ordinarily do not fall within the scope of 
emergency or urgent surgery, because they do not cause complications 
produced by diverticula of other parts of the gastrointestinal tract, such 
as peritonitis, gangrene, acute diverticulitis and perforation. However, 
they may be mistaken for lesions which attack the stomach more fre- 
quently, such as perforating gastric ulcer or carcinoma and, for this 
reason, they should be discussed at least briefly. 

Incidence. Diverticula arc found very rarely; they trail the diver- 
ticula of other portions of the gastrointestinal tract. In the order of 
frequency they arc located in the colon, duodenum, esophagus, stomach 
add in the small bowel. Gastric diverticula are observed in about 0.1 per 
cent in necropsies; on roentgenologic examinations they are found once 
in about 4,000 cases. 

Age. Diverticula occur most frequently in middle-aged persons al- 
though cases have been recorded in which this condition occurred in an 
infant four months old and in a child aged seven. Diverticula are found 
about as frequently in men as in women. 

Pathology. Gastric diverticula are either of the true or false variety 
(Fig. 71). They are situated most frequently in the posterior gastric wall, 
close to the lesser curvature and the cardia, so that they are not easily 
accessible for operative intervention and can be overlooked in explora- 
tory laparotomies. However, diverticula may be found on the anterior 
wall of the antrum, on the greater curvature and in any other part of 
the stomach. They vary from 0.1 to 5 cm. in diameter and usually have 
a narrow neck. The orifice leading into the diverticulum has the ap- 
pearance of a circular hole ; the margins arc sharply defined, rounded and 
smooth. 

The mucosa of the adjoining parts of the stomach is normal. This 
appearance, which can be demonstrated gastroscopically, is in marked 
contrast to that of a penetrating gastric ulcer, the base of which is usu- 
ally covered with a gray or white exudate, with the adjoining gastric 
mucosa showing signs of inflammation. A penetrating carcinoma will 
produce symptoms of ulceration at the base of the defect and the sur- 
rounding margins are irregular and infiltrated. 

Symptoms. In about two-thirds of all cases of diverticulum of the 
stomach the disease is not revealed by any symptoms, but is found ac- 
cidentally while operating for some other condition, or is discovered in 
an x-ray examination. Symptoms may become apparent when there is 
a narrow' sac from which food entering the diverticulum cannot be elimi- 
nated, thus stagnating and producing inflammation. 

The symptoms maybe as follows: (1) Pain, described as dull or burn- 
ing, in the upper abdomen, behind the xyphoid or under the left costal 
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margin. Food may aggravate the pain or relieve it, or may have no 
bearing on its intensity. (2) Vomiting. (3) Epigastric tenderness is cir- 
cumscribed and mild or moderate. (4) Bleeding may occur, ranging from 



mild oozing to a profuse hemorrhage. Associated lesions are present in 
about 35 per cent of all cases of gastric diverticula, such as benign 
tumors, malignant tumors and gastric ulcers. These lesions may cause 
symptoms which are characteristic for each particular type. Wien a 
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gastric diverticulum is not associated with any other pathologic process, 
it usually runs a symptom-free course, in contrast to diverticula of the 
large bowel which may give rise to such complications as peritonitis, 
gangrene, perforation of its wall, acute suppurative diverticulitis, or 
local abscess. 

Diagnosis. The diagnosis is made roentgcnologically or gastroscop- 
icolly. A roentgenologic examination may not reveal a diverticulum if 
the neck is too narrow for the contrast medium to enter the sac. Expert 
gastroscopy may detect the condition in the majority of cases. It can be 
differentiated from penetrating gastric ulcer or gastric carcinoma by 
studying the edges of the opening and the character of the adjoining 
gastric mucosa. The different appearance of these three conditions was 
discussed at the outset of this chapter in a passage on “Pathology.” 

Treatment. When the condition docs not reveal any symptoms and 
is found accidentally, it requires no treatment. However, if the disease 
is manifested by symptoms, the treatment may be medical or surgical. 
The medical treatment consists of “postural drainage.” The patient 
drinks some water and then assumes a definite position, i.e., he may lie 
first on his right side, then turn onto the left side or the abdomen. Some 
surgeons claim that they can prove roentgenologically that such posture 
produces drainage; they were able to show that barium lodged in the 
diverticulum disappears after the intake of water. If medical treatment 
proves ineffective and the symptoms become more noticeable, operation 
should be carried out. However, it should be emphasized here again that 
the indications for surgery of gastric diverticula are rare because they 
seldom cause complications. Nevertheless, some surgeons claim that 
diverticula may become malignant. 

If the diverticulum is situated on the anterior wall of the antrum, the 
exposure is simple; but when located on the posterior wall, the exposure 
is more complicated. The gastrocolic ligament is severed, the posterior 
wall turned anteriorly, and the diverticulum is removed. The stomach 
wall is closed in two or three layers. If the diverticulum is close to the 
cardia on the posterior gastric wall and close to the lesser curvature, 
the gastrocolic ligament is cut along its entire length and the stomach is 
turned from left to right along the lesser curvature as an axis so that 
the diverticulum is exposed and removed. 



VOLVULUS OF THE STOMACH 

Volvulus of the stomach is a rare condition. It was first described by 
Berti in I8G6 and, according to Weeder, only seventy cases were reported 
in the literature up to 1935. Since then the total number of cases has 
reached about eighty. 

Morbid Anatomy 

Volvulus may be total or partial, In the first group the entire 
stomach is involved in the rotation, while in the second group only a 
portion of the stomach is affected. In complete volvulus the organ may 
Le rolled around a line which connects the cardia with the pylorus, the 
cardiopyloric line, thus producing a true volvulus; or it may be twisted 
around a line which connects the middle of the lesser with the middle of 
the greater curvatures, thus producing torsion of the stomach and not a 
true volvulus. However, most investigators apply the term “volvulus” 
to either condition. The first group, i.e., that in which the volvulus 
occurs around the cardiopyloric line is known as volvulus organo- 
axialis; torsion along the line connecting both curvatures is termed 
volvulus mesenterio-axialis. The majority of recorded cases are of the 
latter type. 

Volvulus Mesenterio-Axialis. In this t ype the rotation takes place 
around a line connecting the middle of the Jester with the middle of the 
greater curvature. (Fig. 72, A) Most of the rotation is made by the py- 
loric portion. The latter becomes considerably dilated, due to occlusion 
of the pylorus produced by the twisting and kinking which results from 
its change of position. The distended pyloric pouch crosses the fundus 
and lies with its posterior surface facing forward. In cases of pronounced 
torsion it is not only the pyloric but also the cardiac orifices of the stom- 
ach which become occluded. 

The right half of the transverse colon is carried with the pylorus up- 
ward and to the left, whence it descends sharply over the distended 
pyloric pouch under and behind it, reappearing again on the left of the 
splenic flexure. The sharp kink in the right half of the transverse colon 
produced by its displacement causes marked distention of the right half 
of the colon. 

Volvulus On oa -v o- Axia lis. This is produced by rotation of the 
stomach along the cardiopyloric line. It is a true type of volvulus. Ac- 
cording to the course of the greater curvature in the process of rotation, 
the organo-axialis type has two varieties: (1) Volvulus anterior infra- 
colicus, (Fig. 73) in which the greater curvature rolls along the anterior 
abdominal wall upon the anterior surface of the stomach. While rolling 
upward, the greater curvature draws the transverse colon above the 
stomach. (2) Volvulus posterior infracolicus (Fig. 74) is the variety in 
which the greater curvature rolls along the posterior abdominal wall 
upon the posterior gastric wall upward and to the right. It carries with 
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it the gastrocolic ligament and the transverse colon so that, also in this 
type, the colon lies above the lesser curvature. 



Fig. 72. Volvulus mesentcrio-axiahs. A. Normal position of stomach with arrows indi- 
cating direction of rotation around axis. D. Figure showing rotation begun and transverse 
colon being pulled upwards with greater curvature of stomach. C. Completed volvulus. 
Diagram shows position of lower half of stomach at this stage. 

In the anterior infracolic group the stomach is veiled by the gastro- 
colic ligament. In some cases of volvulus organ o-axialis the transverse 
colon does not follow the greater curvature; this is possible only when 
the gastrocolic ligament is very long or when this ligament has ruptured- 
Partial Volvulus. This is always of the organo-axial type. In this 
variety the pyloric part of the greater curvature rotates more freely 
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than the fundal part; the latter may even remain unchanged. Thus, the 
pyloric portion becomes separated from the cardiac by a V-shaped sulcus 
on the lesser curvature. The rotation in partial volvulus never exceeds 
180 °. 



Arrows in frontal view show rotation which has taVen place. 

Partial volvulus is always associated with an intra- or cxtragastric 
lesion, such as hour-glass stomach, gastric tumor, perigastritis, diaphrag- 
matic hernia, tears in the transverse mesocolon, tears in the ga«tro- 
hepntic ligament, and the like. 

Total Volvulus. In total volvulus patients often have a marked degree 
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of gastroptosis; in other words, it is more liable to occur where elongated 
ligaments arc connected with the stomach which produce a marked mo- 
bility of the pylorus sufficient to come in close proximity to the cardia. 
If the pylorus crosses the cardia (“Crossing of the pedicles"), a volvulus 
takes place. 



Fxo. 74. Volvulus orga no-axial is posterioris Infracolic. A. Stomach in norma! position. 
Arrows indicate direction of rotation of stomach in this type of volvulus. B. Stomach 
rotated on cardio pyloric line bringing greater curvature posterior and under liver. Trans- 
verse colon pulled up posteriorly as greater curvature rotates and transverse colon comes 
to lie above level of lesser curvature of stomach. Arrow in midsaggital section indicates 
position of greater curvature. Arrows in frontal view show rotation which has taken place. 

Etiology. Volvulus of the stomach is a rare disease. It occurs mostly 
in middle-aged persons though cases of volvulus have been reported oc- 
curring in an infant ten months old and in a child of two years. 
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Symptoms. The condition may set in suddenly or insidiously. The 
.symptoms may vary according to the degree of the volvulus. If it docs not 
dose the stomach completely, it manifests itself by pain in the left hypo- 
chondrium or in the epigastrium. It is followed by vomiting. The ab- 
domen becomes distended in the epigastric region and flaccid in the rest 
of the abdomen. Upon palpation the distended part gives the impres- 
sion of an elastic balloon which may be slightly rigid. The roentgeno- 
gram shows a high position of the left half of the diaphragm and an air- 
filled space with a line of fluid. Later when the volvulus is complete, 
the symptoms become more aggravating. The pain increases; respira- 
tion becomes frequent and shallow; the face is livid; the epigastric region 
h markedly distended in contrast to the rest of the abdomen; the pul«e i? 
rapid and small; and the patient prefers a sitting position. It is char- 
acteristic that vomiting ceases but retching prevails. The patient is 
dehj’drated and thirsty but as soon as he takes water or any liquid he 
regurgitates it immediately although spontaneous vomiting ceases. This 
latter symptom is pathognomonic for occlusion of the cardia, irrespective 
of the cause. It is also significant that it Is impossible to introduce a 
gastric tube. However, this diagnostic method should be cautiously 
applied because there may be trophic changes in the wall of the twisted 
cardia and an attempt to introduce a tube forcibly may lead to per- 
foration. 

Diagnosis. A correct preoperativc diagnosis is by no means easy and, 
therefore, is not frequently made. Nevertheless, we believe that in mo«t 
instances this is due to inadequate clinical experience. If the physician 
would consider volvulus and bear in mind that the patient vomits only 
in the early stage of this condition while retching continues, and that 
the intake of fluids is immediately followed by regurgitation, the diag- 
nosis would be less difficult. 

The differential diagnosis should exclude the following conditions 
(1) Acute dilatation of the stomach in which vomit us docs not cease. The 
vomitus contains bile and the introduction of a gastric tube meets with 
no obstruction. In hign intestinal obstruction 1'ne vomited matter 
contains bile and later has a fecal odor. The sw elling is not circumscribed, 
the tympanic pitch is not as high; swallowing of water is not followed 
by immediate eructation. (3) In acute pancreatitis the pain is more 
severe and radiates to the back; there is no retching or immediate 
eructation of swallowed water. Distention of the abdomen is moderate. 
(4) Perforated viscus shows an acute or even hyperacute onset, marked 
rigidity and tenderness; distention is not noticeable unless seen at a 
later stage when symptoms of peritonitis appear. (5) Acute mesenteric 
thrombosis: severe vomiting; distention i 4 * moderate and uniform: fre- 
quently a heart lesion is present. 
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Therapy. Only surgical treatment should be employed. If no treat- 
ment is given all patients invariably die. Operation for total volvulus 
results in recovery in about CO per cent, and for partial volvulus in al- 
most 100 per cent of all cases. 

Teciinic. The abdomen is opened by a right paramedian incision ex- 
tending from the xyphoid process down to the level of the umbilicus. 
Exposure and exploration of the abdomen should be done carefully, be- 
cause the gastrocolic ligament often lies in front of the stomach and its 
vessels may be injured by rough manipulation. As soon as the diagnosis 
is made it is advisable to puncture the stomach with a trocar, after 
having taken the precaution to prevent the escape of gastric contents 
into the free peritoneal cavity by walling off the place where the trocar 
is to be introduced. When the contents arc aspirated, it is advisable 
immediately to close the opening in the stomach and not to defer closure 
until detorsion of the stomach has been attained, because the open part 
of the gastric wall may retract into the abdominal cavity and it may be 
difficult to locate it later. Cases have been reported in which the surgeon 
attempted to bring the distended stomach outside the abdominal cavity 
with the result that the stomach ruptured. In another recorded case the 
manipulation was followed by vomiting, with death ensuing from suffo- 
cation. The danger of attempting to bring the overdistended stomach 
outside the abdominal cavity may also involve rupture of the spleen or 
of the splenic vessels situated in the gastrosplenic ligament. There is 
also the risk of rupturing the overdistended loop of the transverse colon 
which often lies above the stomach and is caught between the stomach 
and the diaphragm. 

When the stomach is deflated, it is placed in its normal position and 
should be examined for diaphragmatic hernia. If this is absent, the ab- 
domen is closed but in a case of hernia an attempt must be made to 
reduce it. The hernia should he repaired at once if the condition of the 
patient permits it or later if the condition is bad. In a case of irreducible 
hernia the surgeon has no way of ascertaining whether it is merely ir- 
reducible or incarcerated, and he has no choice but to proceed to free 
the sac from its contents. 

In order to prevent recurrence, some surgeons perform gastropexy, 
others gastroenterostomy; their effectiveness is questionable. 

In case the stomach wall is found to be gangrenous, the affected por- 
tions have to be removed, always bearing in mind to keep manipulations 
at a minimum. 

When the operation is completed it is advisable to employ continuous 
decompression of the stomach by means of a nasal catheter left in place 
for three days. This enables the overdistended gastric wall to resume 
its motor strength and prevent it from becoming distended again. 
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The stomach may be injured by an extraneous force in several ways: 
In one type, the external force penetrates the walls surrounding the ab- 
dominal cavity; this may be the anterior abdominal wall, the chest wall 
and the diaphragm, or the lumbar region. To this category belong gun- 
shot and stab wounds- Another type is the so-called subcutaneous 
rupture in which the abdominal wall remains intact but a wound is in- 
flicted upon the stomach by transmission of the blow through the ab- 
dominal wall. To this group belong cases in which the abdomen has been 
kicked, run over, or pressed against a bard and immobile object. 

There is a third type of injury which is of great significance because 
it exacts the surgeon's skill and judgment more than the first two types, 
namely, injuries to the stomach resulting from the intake of corrosive 
substances. Each of the three types has its characteristic features, not 
only from the etiologic viewpoint but also from that of a difference in 
the symptoms, method of treatment and prognosis. 

Direct Injury to the Stomach 

Direct injury is caused principally by gunshot wounds or penetrating 
instruments such as a knife, dagger, arrow, lance or other object. 

The wound produced in the gastric wall may be small or large; it may 
be single or multiple; it may injure the stomach only or involve other 
structures, i.e., the liver, spleen, kidneys, and intestines. An isolated 
stomach injury' by gunshot or stab is comparatively rare owing to the 
anatomical position of the organ. When empty, the stomach lies at the 
back of the abdominal cavity. Its fundus rests under the left cupola of 
the diaphragm and is covered, in front, by the seventh, eighth and ninth 
ribs. The body of the stomach is in contact with the left lobe of the 
liver and only in a small area with the anterior abdominal wall. It can 
be readily understood that an empty* stomach is not likely to be injured 
as is the liver, colon, small bowel, or the base of the lungs. It is evident 
that the stomach alone is rarely injured, with other organs remaining 
intact. However, when the stomach is distended, isolated injuries of this 
viscus are liable to occur. 

The symptoms vary greatly depending upon solitary* injury' or asso- 
ciated pathologic processes, their extent and character. Whatever the 
situation, it is certain that each injury to the abdomen demands im- 
mediate exploratory laparotomy. The harm done by an unnecessary 
exploration is outweighed by the risk of a delayed intervention when 
its indication becomes striking. The time element is greatly important 
as the mortality rate is considerably increased if intervention is de- 
layed more than six hours. The procedure after the abdomen is opened 
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depends upon the findings. In an opening in the anterior gastric wall 
a mere closure in two layers will suffice. If there is an injury to the 
posterior gastric wall, it will be necessary to divide the gastrocolic liga- 
ment, turn the posterior wall anteriorly, close the opening by a two- 
layer suture, replace the stomach to its normal position, and then suture 
the severed gastrocolic ligament. If any other structure is injured, such 
as the liver, spleen, or colon, it is dealt with as described in the chapters 
concerning the specific organs. 

Subcutaneous Rupture of the Stomach 

Subcutaneous rupture of the stomach is caused by trauma inflicted 
upon the body, most frequently the anterior abdominal wall, without 
causing penetration. That such cases are rare is attested by Sherren’s 
report on 270 cases of subcutaneous rupture of abdominal viscera, as 
observed in the London Hospital, in which rupture of the stomach took 
place only five times. Petry, in I89G, collected 219 cases of traumatic 
rupture of the gastrointestinal tract, of which gastric rupture occurred 
in thirteen cases. Glassman, in 1929, collected from the literature fifty- 
two cases of subcutaneous rupture of the stomach, to which he added 
two cases of his own. Since that time several additional cases have been 
reported. 

The spontaneous rupture may be considered a variety of subcutaneous 
rupture. The stomach has, seemingly, no pathologic changes in its walls 
and ruptures without the action of any external force but because of 
increased intragastric pressure. 

Incidence. Subcutaneous abdominal injury occurs more frequently 
in men than in women (76 per cent) between the ages of four and ninety. 

Pathogenesis. The force producing the rupture may be direct or in- 
direct. The former may be due to a kick from a horse, squeezing of the 
abdomen between two cars, or being run over by a car, and the like. 
Indirect force is sustained by falling from some height on one’s feet, 
buttocks or head, when a full stomach may become ruptured. 

Pathology. Rupture of the gastric wall may be complete or incom- 
plete. The complete kind is most frequent and occurs in about 90 per 
cent of all cases. In an incomplete rupture the tear may be in the mucosa, 
or through the serosa and muscularis. As a rule the tears are single, but 
cases of multiple tears have been reported. An unusual case of complete 
avulsion of the stomach from the duodenum was reported by Ian Fraser. 
He treated the patient by blind closure of each open end and reestab- 
lished the continuity of the gastrointestinal tract by a posterior gastro- 
enterostomy. The patient made an uneventful recovery. Lifschitz demon- 
strated that perforation is sometimes extensive. In the case reported by 
him the entire circumference of the stomach was severed at a distance 
of 7 cm. from the pyloroduodenal junction. It looked as if it had been 
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left in the midst of a gastrectomy. The surgeon attempted to unite the 
severed parts by an end-to-end anastomosis, but did not succeed be- 
cause the two ends retracted far from each other. He closed both ends 
and performed posterior gastro-enterostomy. The patient died on the 
twentieth postoperative day from peritonitis. 

Tears occur most frequently on the anterior wall, next in frequency 
on the posterior wall, and quite infrequently along the lesser curvature. 

Symptoms. The symptoms vary in complete and incomplete rupture, 
and in eases with or without associated pathologic conditions, such as 
rupture of another viscus or hemorrhage. In incomplete rupture in which 
the serosa and muscularis are injured, no symptoms are apparent to aid 
a diagnosis. However, rupture of the mucosa in many cases is followed 
by blood}’ vomitus. Hematemesis following a blow on the abdomen or 
after a fall should make the physician consider injur}' to the stomach. 
In fact, many surgeons believe that hematemisis following a blow i> 
pathognomonic of injur}' to the stomach. 

Complete rupture will produce the symptoms described for a perfo- 
rated gastric or duodenal ulcer, except that there will not be a history 
of digestive disturbances and the presence of trauma. A flat x-ray plate 
reveals air between the liver and diaphragm. 

Diagnosis. A ruptured stomach should be suspected when there is a 
history of trauma, symptoms of ruptured viscus, and bloody vomit us. 

Treatment. The treatment is surgical. While a spontaneous recovery 
is not impossible it is too rare for therapeutic consideration. The patient 
should be operated upon, and the sooner the better. The operative mor- 
tality is about 80 per cent, and almost nil recorded recoveries took place 
when operation was performed within six hours after injury. The opera- 
tive treatment in ca c es not complicated by rupture of another viscus 
cond^ts of simple closure of the rent. If the rent is in the anterior wall, 
the procedure is simple; if, however, it is on the posterior wall, the repair 
may present great technical difficulties especially when the opening Is 
clo'-c to the lesser curvature and in the vicinity of the cardia. At this 
location spontaneous rupture occasionally takes place. If the tear is ex- 
tensive, it may require more than a simple closure. It is significant that 
in the few reported cases of complete rupture of the entire circumference 
of the stomach or duodenum, the severed ends retracted to such a de- 
gree that it was impossible to bring them together for an end-to-end 
anastomosis, so that it was necessary <oclo=ecaeh end and to establish 
the continuity of the gastrointestinal tract by posterior ga«tro-enter- 
ostomy between the proximal portion of the stomach and a high jejunal 
loop. 

Burns of the Stomach 

Burns caused by intake of corrosive substances may affect any por- 
tion of the digestive tract. They may injure the mouth and pharynx and 
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do little damage to the esophagus or to the stomach; or they may affect 
the esophagus chiefty, producing negligible damage to the mouth or 
stomach. In another group the damage is principally in the stomach, and 
the other parts of the digestive tract are spared. Of all these possibilities 
an isolated injury to the stomach is the least frequent, as is illustrated 
by the fact that lip to 1896, Hartman collected from the literature only 
twenty surgical interventions for isolated burns of the stomach. Qudnu 
and Petit, in 1902, reported thirty-four cases, and Bondareff, up to 1910, 
added thirty-six. All these were single instances reported by individual 
surgeons. 

In 1933, Tunik reported 8 cases observed in the clinic of Prof. Djane- 
lidze in Leningrad over a period of ten years. In 1935, B. A. Petrov 
described forty-one cases from the Institute of Urgent Surgery in Mos- 
cow from 1929 to 1934. The last group is of particular interest because 
it covers a great number of cases observed by the same group of sur- 
geons within a reasonably short period; for this reason it is freely quoted 
here. 

Of the forty-one cases as published by Petrov, one-third were con- 
fined to the stomach while two-thirds of the patients had burns also of 
the mouth or esophagus or both. Burns are produced either by the in- 
gestion of acids or alkalies. Intake of acids causes greater damage and, 
therefore, requires surgery more frequently than that of alkalies in an 
equal number of cases, the ratio being 3 to 1. But as alkalies are used 
for suicidal attempts more frequently than acids, the number of patients 
operated upon for burns by alkalies is about twice that of persons burned 
by acids. 

Another interesting observation is that acids more frequently damage 
the stomach than the esophagus, whereas alkalies affect the esophagus 
deeper and more frequently. It has also been observed that inorganic 
acids (hydrochloric acid, sulfuric acid, nitrous acid) produce stricture 
of the stomach, while organic acids (oxalic acid, acetic acid), although 
very toxic, do not cause damage in the depth of the gastric wall, and 
thus produce strictures less frequently. 

Pathology. The extent of damage depends upon the following fac- 
tors: concentration of the corrosive substance, fullness or emptiness of 
the stomach at the time the poison is taken, posture of the patient before 
swallowing the poison, first aid measures, and the like. Therefore, all 
variations from simple swelling of the mucosa to complete gangrenous 
perforation of the entire thickness of the gastric wall may be observed. 
Usually the surgeon operates for one of two conditions: First, soon after 
the accident, when there are symptoms of acute perforation, and second, 
several weeks to a few months after the accident, when all acute symp- 
toms have subsided and the patient shows signs of stenosis of the 
stomach. 
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In the first condition the stomach is small; its walls are dark green 
and often black, charred and flabby; the serosa has lost its luster and 
the peritoneal cavity contains sanguineous fluid. In the second condition 
the picture is entirely different: The antrum is transformed into a nar- 
row tube with a diameter of one-half to one inch; the greatest degree of 
scar formation is at the point between body and antrum, at the place 
known as sphincter antri pylorici, or isthmus vcntriculi. This point of 
maximum constriction may be mistaken for the pyloric ring, and the 
constricted antrum for the first part of the duodenum. However, close 
examination will reveal the pyloric ring to be distal to this cicatricial 
tube, facilitating recognition of the tube as the constricted antrum of 
the stomach. The body of the stomach, constricted at the antrum, has 
difficulty in evacuating its contents which accumulate and begin to 
stagnate. Gases arc formed which distend this portion of the stomach 
into the shape of a balloon which may descend down to the pelvis. 
Therefore, when the surgeon opens the abdomen in such cases, the 
distended stomach immediately appears in the form of a ball with a hard 
cylindrical tube separated from it by a constriction. The tube is fol- 
lowed by another constriction which represents the pyloric ring. This 
picture is constant so that it may be considered as pathognomonic for 
bums of the stomach producing stenosis. 

The corrosive material rarely leaves the stomach and produces burns 
of the duodenum. However, a few cases have been reported. 

Symptoms. The symptoms vary according to the degree of damage 
done to the stomach and the extent of the associated bums of the mouth, 
pharynx and esophagus. In cases in which the stomach is not so deeply 
affected so as to lead to perforation, the patient complains of pain in the 
epigastric region, which is tender to the touch and vomiting occurs, 
which is frequently bloody. Mouth and tongue are dry, the patient is 
toxic and may be unconscious; frequently dysphagia is present. In cases 
of penetration through the entire thickness of the stomach, all these 
symptoms are exaggerated and signs of peritonitis appear; the abdomen 
is tender, the abdominal muscles rigid; Blumberg’s sign is often positive 
(rebound tenderness); the pulse is small and rapid, and the patient is 
dehydrated and toxic. 

Treatment. The treatment differs in accordance with the stage of the 
disease and the damage produced. In the acute stage, without signs of 
perforation, the treatment is conservative. A large amount of 10 per cent 
glucose or normal salt solution is administered intravenously; the pa- 
tient is kept warm, cardiac stimulants are given, if necessary, and also 
morphine to relieve the pain. If after a few days the patient is able to 
take fluid and semifluid orally, no further immediate treatment is 
necessary; otherwise jejunostomy under local analgesia may he per- 
formed. 
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Some patients soon after becoming ill show symptoms of perforation 
of the stomach. In such cases immediate laparotomy is indicated. The 
stomach is walled with gauze and brought out. In the few cases on 
record in which perforation took place, it was impossible to marsupialize 
the stomach because it became contracted and was lodged high under 
the diaphragm. It was also impossible to close the rent due to extreme 
friability of the gastric tissues. Packing of the stomach was not success- 
ful because all patients who received this type of treatment died within 
a few days. It may, therefore, be stated that so far all cases of burns 
which caused perforation were fatal irrespective of the method of treat- 
ment. 

An entirely different picture is presented in the treatment of patients 
in whom the acute symptoms subside and stenosis of the stomach takes 
place. The patient survives and frequently his health is fully restored. 
The specific procedure is determined by the following: whether the 
stomach alone is affected or the esophagus as well is damaged, and the 
degree of stricture of these organs. If the upper portion of the esophagus 
alone is involved and regular dilatations arc ineffective, gastrostomy 
should be performed. If only the lower portion of the esophagus is in- 
volved and the dilatation is not effective, gastrostomy or jejuno- 
csophngostomy antethoracica is indicated. If the cardiac end of the 
stomach is involved, gastrostomy is the proper procedure. If the pylorus 
is constricted, gastrojejunostomy should be performed. If both ends of 
the stomach, cardia and pylorus are affected, gastrostomy and gastro- 
enterostomy are the proper operations. 

In cases in which the esophagus and the entire stomach are injured 
to such an extent that there is little possibility of restoring their lumen 
or functional activity, jej unostomy is the only possible remedy. Ex- 
tensive stricture of the stomach has caused some surgeons to perform 
gastrectomy. 

For the technic of these operations the reader is referred to their de- 
scriptions elsewhere under the appropriate readings. 

The best chance to save life is when the patient is operated upon 
between thirty and sixty days after sustaining the injury. Prior to that 
he may still be toxic and after sixty days greatly emaciated. 

It should be borne in mind that the different types of technic em- 
ployed in gastric operations for burns vary from the methods used when 
the stomach is normal. When the stomach has become cicatricized, it 
may be contracted and lie high under the left dome of the diaphragm 
so that it may be impossible to bring it not only outside of the abdominal 
cavity but even close to the anterior abdominal wall. For this reason it 
may be advisable to make an abdominal incision parallel to the left 
costal arch (left Pribram incision), rather than a right or left para- 
median incision. In many cases the surgeon is unable to perform a pos- 



URGENT SURGERY 


100 

ferior gastroenterostomy and he has to confine himself to anterior 
gastro-enterostomy with entero-anastomosis. Sometimes the anterior 
stomach wall may be too small for the Spiracle tubovalvular gastros- 
tomy, and the surgeon should adopt Spivack’s method of performing the 
operation by using also the posterior gastric wall. If conditions render 
this procedure also impossible, some simpler form of gastrostomy, such 
as that of Depage, Janeway or Stamm should be carried out. The sur- 
geon should guard against placing the stoma of a gastro-entcrostomy 
close to the injured portion of the stomach, because the latter may 
cicatrize and involve the stoma which would necessitate a new gastro- 
enterostomy. 



DIVERTICULA OF THE DUODENUM 

Diverticula of the duodenum arc an object of urgent surgery when 
they undergo perforation or gangrene or produce volvulus or intestinal 
obstruction through compression of the gut. To deal effectively with 
this type of emergency the surgeon has to have a clear conception of the 
diverticula as to their size, location and relation to the adjacent struc- 
tures. Although diverticula are not frequently encountered and their 
complications arise still more rarely, they are found in sufficient num- 
bers to warrant their study. 

HISTORY. A diverticulum of the duodenum was first recorded by Chomel in 
1710 as an autopsy finding. Morgagni, in 1761, Rhan, in 1796, ancl Fleischmnn, 
in 1815, described duodenal diverticula found in autopsies. Harley, in 1857, 
Cole and Robert, in 1920, found gallstones in the diverticula. Morrison and 
Feldman, in 1926, reported a primary carcinoma of a diverticulum of the 
duodenum. J. T. Ca«o was the first who, in 1913, recognized roentgenologically 
a duodenal diverticulum. 

Etiology. The incidence varies greatly according to the method of 
examination. Statistics based on postmortem examination show an inci- 
dence of about 5 per cent, whereas roentgenologic observation yields 
only about 1.7 per cent. The diverticulum may be located in any part 
of the duodenum, but occurs most frequently in the second portion (6G 
per cent) ;next,in the third portion (22 per cent) ;then, in the first portion 
(9 per cent) and, finally, in the fourth portion (3 per cent). 

A diverticulum maj' occur at any age but is most frequently observed 
after the age of fifty. 

The diverticula are divided into two groups: (1) primary: (congenital, 
false), and (2) secondary (acquired, true). 

Primary Diverticula. Primary diverticula are the most frequent 
type (about 90 per cent). They are formed by a protrusion of the 
mucosa and submucous layers through a weakened muscular layer of 
the duodenal wall; for this reason this wall consists only of serosa, sub- 
mucosa and mucosa. Owing to a lack of a muscular layer the wall is 
thin and weak so that it is not able to expel the contents of the diver- 
ticulum, and its evacuation is made possible by way of the low, depend- 
ing neck of the diverticulum rather than active peristalsis of its wall. 

Primary diverticula are, usually, situated in the second portion of the 
duodenum and considerably rarer in the third .and still more rare in the 
fourth portion. In the first portion they are so rare that they may be 
presumed a priori to be of the secondary type. 

Being herniations, primary diverticula originate at the weakest point 
of the bowel wall which is its mesenteric border. This is the reason why 
most duodenal diverticula are situated at the concave border of the 
duodenum, close to the head of the pancreas. They usually extend medi- 
ally in front or behind the pancreas, in some cases into the pancreas, 
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and it is then extremely difficult to treat them. Diverticula are, as a 
rule, situated retroperitoneally, their fundus being the highest and the 
neck the lowest point. Therefore, drainage is accomplished more by 
gravitation of their contents than by peristalsis of their wall. The size 
of the diverticulum varies from a pea to that of a walnut. Occasionally, 
it may reach the size of a fist and the width of a pencil or merely that 
of a probe. In the first instance the diverticulum can be readily detected 
radiological!)' owing to the easy entrance of barium into the diver- 
ticulum. 

Secondary Diverticula. Secondary diverticula are acquired and 
usually are caused by traction on the duodenal wall due to some patho- 
logic condition outside the duodenal wall but in close proximity to it 
(traction diverticula). They may also arise from pressure exerted from 
the duodenal lumen upon a pathologically changed duodenal wall (pul- 
sion diverticula). Since the pathologic condition causing the diverticula 
is peptic duodenal ulcer, which usually is situated in the. first portion of 
the duodenum, these secondary diverticula are, therefore, also situated 
in the first portion of the duodenum. Their wall contains all the layers 
of a normal duodenal wall. 

Multiple Diverticula. Multiple diverticula occur in about 25 per 
cent of all cases of duodenal diverticula. The additional diverticula may 
be found in the duodenum or in any other part of the intestinal tract. 

Symptoms 

There is no symptom or group of sjTnptoms characteristic of a duo- 
denal diverticulum. In many cases the diverticula do not show any 
symptoms and are found accidentally in x-ray examination, at operation 
for some other condition, or at autopsy examination. 

Despite an apparent diverticulum, the symptoms accompanying it 
may be caused by some other condition and may, therefore, erroneously 
be attributed to a diverticulum. Only after careful study excludes patho- 
logic processes of the stomach, biliary system and the pancreas, and 
fluoroscopic examination reveals that the diverticulum is tender and 
that stasis is present, one is justified in holding the diverticulum re- 
sponsible for symptoms. 

The symptoms are classified into the following groups: 

(1) Dyspeptic Group. The patient complains of fulness in the epi- 
gastric region or right hypochondrium, particularly following the intake 
of food. This is probably due to overdistention of the diverticulum by 
gastric contents. 

(2) Pseudo-Ulcerous Ttpe. This is the predominant type of symp- 
toms. These appear when the diverticulum is inflamed or ulcerated, and 
resemble those of gastric or duodenal ulcer. 
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(3) Obstructive Type. This group manifests retention or even ob- 
structive symptoms of the stomach, produced by compression of the 
pylorus or duodenum from a filled diverticulum. 

(4) Hepatobiliary Type. The predominant symptoms are colicky 
pain in the right upper quadrant, selective dyspeptic manifestations 
and, sometimes, icterus. These symptoms are due to compression of the 
common bile duct by the distended diverticulum or to an ascending 
cholangitis. 

(5) Pancreatic Type. Attacks of sudden pain in the umbilical re- 
gion which may be accompanied by vomiting and diarrhea are the main 
symptoms. They are attributed to pancreatitis, secondary to inflamma- 
tion of the diverticulum, or obstruction of Wirsung's duct by the 
diverticulum. 

Complications 

Complications of duodenal diverticula are comparatively rare, and 
may be classified as follows: 

(1) Obstruction of Neighboring Structures, (a) Partial obstruc- 
tion of the stomach or duodenum. Clinically, the patient shows signs of 
partial obstruction of the stomach or duodenum. Upon operation or 
autopsy one portion of the duodenum appears dilated and the other 
collapsed, (b) Obstruction of the common bile duct. The patient has a 
dilated common bile duct proximal to the point of obstruction by the 
diverticulum. There is icterus and other signs of complete or partial 
obstruction of the common bile duct, (c) Obstruction of Wirsung’s 
duct. The few cases which the literature records reveal that the diver- 
ticulum compresses the duct close to its fusion with the common bile 
duct. The Wirsungian duct and its tributaries were markedly dilated. 
In some cases acute pancreatic necrosis sets in. 

(2) Diverticulitis. This complication is uncommon, chiefly due to 
the fact that the neck of the diverticulum occupies the lowermost posi- 
tion and is sufficiently wide for adequate drainage. Nevertheless, if the 
neck is narrowed, stasis with ensuing inflammation is prone to occur 
because the wall of the primary diverticulum is very thin and there is 
hardly any peristaltic movement to expel its duodenal contents. Diver- 
ticulitis may, in itself, lead to the following sequels: (a) perforation of 
the diverticulum of which only a few cases are on record, (b) peridiver- 
ticulitis: in this very rare condition the diverticulum adheres to the pan- 
creas, duodenum, transverse colon, and common bile duct, (c) duodenitis 
and (d) cholangitis. The last two conditions occur infrequently. 

3. Calculi in the Diverticulum. Gallstones are found from time 
to time in a diverticulum. The first known case, reported by Chomel in 
1710, had twenty-two gallstones. Robertson F. Oglivie described a 
unique case of a diverticulum which contained an enterolith, 
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Diagnosis 

As there are no clinical pathognomonic symptoms, the diagnosis can 
be suspected only if the patient has signs referable to disease of the upper 
abdomen, and careful examination of the stomach, gallbladder and pan- 
creas does not reveal any pathologic process. 

The diagnosis can be made only by x-ray, although this method has 
its limitations because the neck of the diverticulum may be so narrow 
as to preclude the entrance of barium and thus the diverticulum may 
remain undetected. However, even if a diverticulum has been diagnosed, 
it does not necessarily imply that this is responsible for the patient’s 
complaints. In about 50 per cent of the ca^es in which a diverticulum 
has been removed, the symptoms did not subside. To be reasonably 
certain that a diverticulum is involved the surgeon has to establish 
fiuoro s copically that there is tenderness and stasis, the latter to be as- 
certained by an x-ray taken after a barium meal. In all acute pathologic 
conditions of a duodenal diverticulum which precludes x-ray examina- 
tion it is impossible to make a preoperative diagnosis of diverticulosis 
with any degree of certainty. 

Treatment 

The treatment of a diverticulum is actually that of its complications. 
It is indicated when the diverticulum causes compression of the adjacent 
structures, such as the biliary tract, pancreatic duct, or duodenum; 
when the diverticulum liecomes inflamed, gangrenous, or perforated, 
or when neoplastic changes take place in the structure. There are four 
different types of surgical treatment, determined by the location of the 
pathology, i.e., whether it is in the first, second, third, or fourth portion 
of the duodenum: (1) operation on the diverticulum; (2) sidetracking 
operations; (3) combined methods; (4) multiple operations. 

Operation on the Diverticulum. The technic varies according to 
the site of the pathologic process. If the diverticulum is in the first 
portion of the duodenum, which is frequently the ca«e in secondary 
diverticula, the latter is resected, alone or together with the first portion 
of the duodenum or even with the pyloric portion of the stomach. Re- 
moval of the first portion of the duodenum is indicated only when there 
are marked ulcerous changes in that part. In a simple rejection of the 
diverticulum, its neck is clamped by two crushing clamps, cut between 
the clamps, and the sac is removed. A purse-string suture is then carried 
out around the stump which is inverted into the lumen of the duo- 
denum. The ends of the Miture arc tied and a second purse-string suture 
is placed around the first, thus closing the duodenum in two layers (Fig. 
75). In ca«es in which it is difficult to remove the sac, di verticu lopexy 
may be performed, attaching the fundus of the sac to the proximal 
duodenal wall. 
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If the diverticulum is situated in the second portion of the duodenum, 
which is a frequent occurrence, the diverticulum lies retroperitoncally 
and close to the ampulla of Vater, and to the common bile duct and main 
pancreatic duct. The superior pancreaticoduodenal vessels lie in close 
proximity to the neck of the diverticulum. 

The best approach to a diverticulum in the second portion of the duo- 
denum is from the lateral side. The parietal peritoneum is divided later- 



Fio. 75. Duodenal divcrticulcctomy. A. The diverticulum is cut at its base. B. A pursc- 
stnng suture is made around the stump. C. The stump of diverticulum is inverted and 
the purse-string tied. Another purse-string is inserted. 

ally and parallel to the second portion of the duodenum; the latter is 
turned medially so that the posterior duodenal wall faces anteriorly. 
Thereby, the diverticulum is exposed. It is removed in the same manner 
as described for a diverticulum situated in the first portion. Care should 
be taken not to encroach upon the ampulla of Vater. 

MacLean described a method which is useful in cases in which the 
neck is wide and the diverticulum embedded in the pancreas. The ante- 
rior wall of the duodenum is opened at its second portion, and the 
neck of the diverticulum is located. A probe is inserted into the divertic- 
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ulum through its neck, and the diverticulum is dissected from the 
pancreatic tissue. When the sac is isolated, it is inverted into the lumen 
of the duodenum, the neck is ligated, and the sac is cut off. Next, the 
anterior duodenal wall is closed in two layers. When the diverticulum 
is in the third or fourth portion of the duodenum, it is approached 
through the gastrocolic ligament, and resection of the diverticulum is 
carried out as previously described. 

Sidetracking Operations. These are gastrojejunostomy or duodeno- 
jejunostomy, leaving the diverticulum intact. The purpose of these 
operations is to permit the diverticulum to rest by diverting the passage 
of food which, otherwise, would irritate it. These operations are useful 
in cases of inflammation of the diverticulum. If, however, there is an 
impending or actual perforation or gangrene of the diverticulum, or a 
band extends from it to the neighboring portions of the bowel, side- 
tracking operations are useless and a direct intervention on the diver- 
ticulum is necessary. 

Combined Operations. These may be (1) invagination of one diver- 
ticulum and resection of another, in cases of multiple diverticula. (2) 
invagination or resection of the diverticulum, supplemented by gas- 
trojejunostomy; (3) direct attack on the diverticulum, i.e., excision, in- 
vagination, diverticulopexy, supplemented by other operations, such as 
cholecystostomy, cholecystectomy, and the like. 



CARCINOMA OF THE DUODENUM 

Cases of carcinoma of the duodenum are, usually, divided into two 
groups: one, which affects the portion of the duodenum above the am- 
pulla of Vater, and the other which affects the part below the ampulla. 
The clinical manifestations may differ in both groups because the cx~ 
trabiliary passages (common bile duct, hepatic duct), and the pancreatic 
ducts (Wirsung’s and Santorini’s) are earlier and more frequently in- 
volved in the first than in the second group. Other symptoms, such as 
incomplete intestinal obstruction, evidence of metastases, cachexia, arc 
common to both groups. 

Etiology. The disease is extremely rare. It is found in one out of 
5,000 autopsies, more frequently in men than in women (ratio 2:1), 
at an average age of fifty-five but it has been observed in persons twenty- 
two and eighty-five years of age. Despite considerable literature on the 
subject, the origin of carcinoma of the duodenum is not definitely known. 
It has been attributed to duodenal polyps, accessory pancreatic tissue, 
misplaced remnants of the gastric mucosa and Brunner’s gland. 

Pathology. The size of the tumor varies from 0.4 to 8 cm. It may be 
circumscribed or diffuse. In most cases it is ulcerated. The margin of the 
ulcer varies from thick and broad to elevated, smooth or honeycombed. 
The base of the ulcer also varies: in some cases it is smooth, in others 
nodular; in some the consistency isr soft, in others hard. The ulcerated 
lesions have an annular shape which partially constricts the duodenum, 
whereas in the non-ulcerated type, the lesion produces almost a total 
obstruction of the bowel in about half of the cases. Primary carcinoma 
of the duodenum causes metastases in about 90 per cent. Metastases 
are found in the mesentery, transverse colon, omentum, liver and 
lymphatic glands. Carcinoma of the suprapapillary portion involves 
the common bile duct in 30 per cent and constricts it. This is expressed 
in symptoms of biliary stasis, such as jaundice, dilatation of the large 
biliary ducts, proliferation of the small ducts, fibrosis of the portal 
radicles. In some cases, the neoplasm compresses the ducts of IVirsung 
and Santorini, producing symptoms of chronic pancreatitis. 

Symptoms. In about 50 per cent of all cases, the onset is acute, sub- 
acute in about 45, and insiduous in about 5 per cent. The symptoms vary 
according to the extent to which the duodenum is constricted, w’hcther 
the common bile duct or the pancreatic ducts are involved, and the 
degree of adhesions to the surrounding tissues. In the acute or subacute 
onset the main symptoms are epigastric pain which appears in about 
50 per cent, vomiting in about G5 per cent, loss of weight in about 50 
per cent, jaundice in about 25 per cent in suprapapillary involvement, 
and in 10 per cent of the infrapapiliary type. Anorexia, flatulence, belch- 
ing, a sense of pressure in the epigastric region are frequent. Later, 
symptoms of biliary or intestinal obstruction appear. 
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Palpation of the abdominal wall reveals a mass in one-third of all 
cases. 

Laboratory findings are not pathognomonic. Aspirated gastric con- 
tents show blood in CO per cent and free hydrochloric acid in 50 per 
cent. 

Examination of the feces reveals blood in 65 per cent, acholic stools, in 
stiprnpapillary carcinoma, in 40 per cent. 

Roentgenologic examination is negative in almost 50 per cent, the 
reason being that the barium passes rapidly through the duodenum. 

Diagnosis. The diagnosis is extremely difficult. Out of about .sixty- 
five ‘cases of carcinoma of the duodenum, a correct preoperative diag- 
nosis was reported twice, and then only roentgenologieally. In the rest 
of the cases an erroneous diagnosis of carcinoma of the stomach, duo- 
denal ulcer, intestinal obstruction, obstruction of the common bile duct 
and carcinoma of the pancreas were made in cases of carcinoma of the 
suprapapillary portion. Carcinoma of the small intestine, retroperi- 
toneal tumor and stenosis of the duodenum were diagnosed in cases of 
carcinoma of the infrapapillary region. Even after opening the abdomen, 
a correct diagnosis is made only in about 65 per cent. 

Treatment. The difficulties which confront the surgeon in radical 
treatment are, primarily, that metastases are present in most ca^es. 
These have been found in 75 per cent of cases in which the abdomen 
had been opened and, therefore, palliative treatment was indicated. In 
the minority of cases without signs of metastatic involvement, technical 
difficulties are frequently encountered. There are extensive adhesions 
from the diseased duodenum into the surrounding tissues, or important 
structures like the common bile duct, Wirsung’s or Santorini’s ducts are 
involved. Under these circumstances radical surgery' is feasible only in a 
few instances. Two operative procedures can be chosen: 

Palliative Surgery (Fig. 76). This comprises gastrojejunostomy or py- 
loric exclusion in which the pylorus is sectioned and the distal end closed 
blindly, the proximal end being implanted into the jejunum. Cholecyst o- 
jejunostomy has to be added when the neoplasm involves the extra- 
hepatic biliary tract. 

Radical Surgery (Figs. 77 and 78). This is carried out when no me- 
tastases are present by removing the diseased portion of the duodenum. 
If the ampulla of Vater or the lower part of the common bile duct is 
involved, cholecyst ogastrostomy should also be made. Owing to its 
magnitude, this operation should be done in two stages, as described by 
Allen O. Whipple, William B. Parsons and Clinton II . Mullins. 

Technic. The four steps of the first stage are: (1) right upper para- 
median or midline epigastric incision; (2) posterior gastrojejunostomy; 
(3) section of the ductus choledochus, just below the cystic duct and 
between two ligatures. The surgeon should ascertain whether the cystic 
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rectus incision just above the umbilicus; (2) ligation of the gastroduo- 
denal artery; (3) resection of the descending portion of the duodenum, 
with & V-shaped excision of the head of the pancreas; blind closure of the 
two remaining ends of the duodenum; (4) ligation of the cut ends of the 
ducts of Wirsung and Santorini, and suture of the two cut surfaces of 
the pancreas to each other; (5) drainage of the bed of the resected duo- 
denum with a Penro«e drain, and (6) closure of the abdomen. 

Kon-, surgical treatment consists of deep x-ray or, in some cases, ra- 
dium therapy. The results of x-ray treatment are not satisfactory, and 
application of radium is objectionable because it requires a laparotomy 
and duodenostomy to insert the radium. 

Prognosis. The prognosis is grave. The immediate mortality is about 
40 per cent ; 23 per cent succumb within six months, and only 10 per cent 
live longer than one year. 



TRAUMATIC RUPTURE OF THE DUODENUM 

Rupture of the duodenum by trauma is a rare occurrence, as compared 
to that of other abdominal viscera. This is borne out by Guib6’s record 
who was able to collect from the literature only 134 cases observed over 
a period of seventy-five years (1835 to 1910). These include some cases 
in which a duodenal ulcer ruptured after trauma, thus reducing the 
number of cases of a ruptured wall unaffected by a pathologic process. 
Between the years 1910 to 1940, eighty-four additional cases were re- 
ported, a very small number considering the frequency of traumatic 
rupture of the abdominal viscera. It is considered that rupture of the 
duodenum constitutes about 6 per cent of all cases of ruptured abdomi- 
nal viscera due to blunt trauma. 

Etiology. The causes of rupture of the duodenum in the order of 
frequency arc: blows (25 per cent), run-over accidents (22 per cent), 
kicks (20 per cent), squeezing between hard objects (15 per cent), falls 
(12 per cent) and other causes (6 per cent). 

Any part of the duodenum may be ruptured and the sites of such an 
accident, in the order of frequency, are: duodenojejunal junction (31 
per cent), third portion of the duodenum (21 per cent), second portion 
(19 per cent), first portion (15 per cent), lower angle (7 per cent), and 
the remainder (7 per cent). 

Pathogenesis. There are conditions characteristic for the duodenum 
which work in opposite directions: one tends to prevent rupture, the 
other predisposes to it. The former lies in the deep position of the duode- 
num and its protection by the abdominal wall, with the viscera anterior- 
ly, and by the muscles of the back, spinal column and the ribs posteriorly. 
These arc the natural protectors of the duodenum. However, each por- 
tion of the duodenum is separated from the other by angulations: the 
first from the second by the superior angle; the second from the third 
by the inferior angle; the third from the fourth by a narrowing; the 
fourth from the jejunum by another angle. Thus, the flow of the intes- 
tinal contents in the duodenum is not as free as in other portions of the 
intestinal tract and, consequently, the liquid and gaseous contents 
cannot escape freely to the contiguous portions when struck by some 
force. The resulting increase in hydraulic pressure is liable to produce 
rupture. The third and fourth portions are particularly apt to be 
ruptured because they are close to and in front of the spinal column. 

The rupture may occur in the anterior or posterior walls of the duo- 
denum. Rupture of the anterior wall may be intraperitoneal or retro- 
peritoneal, depending upon the affected portion of the bowel. Rupture of 
the posterior wall is always retroperitoneal. The former occurs twice as 
frequently as the latter. 

Symptoms. The symptoms and their intensity may vary, depending 
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upon whether there is a rupture of the anterior or of the posterior duo- 
denal wall, the size of the rent produced by the force, whether the bowel 
was distended or empty at the time of the injury, whether concomitant 
injuries of other structures were sustained and whether the rupture 
occurred in the presence or absence of complications. There are no 
symptoms pathognomonic of duodenal injury and, therefore, the diag- 
nosis is usually made when the abdomen is opened. 

In an intraperitoneal injury the patient complains of pain appearing 
immediately after the injury; it is intense and persistent but not so 
severe as in gastric or duodenal perforations, and the patient is able to 
walk unaided, immediately after the injury. The pain is followed by 
vomiting gastric contents mixed with bile. Tenderness is acute, espe- 
cially in a small circumscribed area corresponding to that of the rupture. 
Rigidity is marked in the epigastric region and right hypochondrium, 
especially in intraperitoneal rupture, but may be mild in retroperitoneal 
rupture. Usually, the patient is not in shock. 

In a retroperitoneal perforation the symptoms are milder: there is no 
shock; rigidity is not marked; tenderness is moderate. The temperature 
is slightly elevated, the pulse somewhat accelerated, leukocytosis is 
moderate; there may be tenderness in the right loin. Nevertheless, the 
patient gradually becomes sick and toxic, and a spreading cellulitis 
appears in the right loin. Free air may be observed in the abdominal 
cavity roentgenologicallj' which, however, merely reveals rupture of an 
air-containing viscus and is of no help in determining the exact location 
of the lerion. Hepatic dullness may diminish or even disappear which, 
likewise, merely signifies the presence of air in the right hypochondrium 
without revealing its origin. 

Diagnosis. The diagnosis of a ruptured gastrointestinal vi-cus is not 
difficult; however, it is extremely difficult to diagnose the accident as 
affecting the duodenum, due to a lack of pathognomonic signs. Yet, rup- 
ture of the duodenum may be suspected in a case with a history of a 
severe blow to the abdomen, especially close to the right and above the 
umbilicus, followed by symptoms of possible gastrointestinal rupture 
but without intense pain and the presence of tenderness in flic right 
loin. It is a considerable task to diagno^ duodenal rupture before and 
afco after the abdomen has been opened. Many cases have been reported 
in which the autopsy revealed that a rupture of the duodenum was not 
recognized at operation, the statistics showing 25 per cent of such case 1 '. 
There are several reasons for this failure: First , in addition to a ruptured 
duodenum, there may be a like lesion of the liver, stomach or small in- 
testine, and these may be misinterpreted as the sole injured .part in 
cases in which, the surgeon is intent on avoiding prolonged exploration 
of so deep-seated a viscus as the duodenum. Another reason is that of 
false security in cases of rupture of the posterior wall of the duodenum, 
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because in many cases the transverse mesocolon remains intact and the 
surgeon hesitates to perform such complicated procedures as section of 
the posterior parietal peritoneum between the transverse mesocolon and 
the root of the mesentery in order to expose the third portion of the 
duodenum. To carry out such a manipulation, the following indications 
are necessary: 

(1) The most important is the presence of a tumor mass between the 
root of the mesentery, transverse mesocolon and the hepatic flexure of 
the colon. The tumor mass is more or less elastic since it contains es- 
caped gastrointestinal contents, bile, pancreatic juice and gas. It has a 
shining dark or whitish appearance, depending upon the amount of gas 
present. 

(2) Necrosis frequently occurs in the fat of the omentum, the mesen- 
tery, and in that of the retroperitoneal space, and appears as white- 
yellowish plaques of different sizes. This fat necrosis indicates injury 
to the pancreas or to the pancreas and duodenum. 

(3) In some cases of retroperitoneal rupture gas may escape from the 
duodenum and spread between the peritoneum and transvcrsalis fascia 
to the linea alba. It produces emphysema of the anterior abdominal 
wall and is recognized by crepitus. If the surgeon feels crepitus, while 
opening the anterior abdominal wall for suspected rupture of a viscus, 
he should consider a ruptured viscus which likewise has a retroperi- 
toneal surface, i.e., the colon ascendens or descendens or the duodenum. 
A combination of these signs, namely, tumor mass between the root of 
the mesentery, transverse mesocolon and hepatic flexure and fat necro- 
sis, together with signs of visceral rupture, renders diagnosis of a rup- 
tured duodenum very probable and exposure of the duodenum impera- 
tive. 

Treatment. The only chance of recovery is in immediate operation. 
The access is not difficult in an intraperitoneal rupture, be it of the first, 
second, third or fourth part. If, however, the rupture is retroperitoneal, 
adequate access to the injured portion should be obtained. If the injury 
is of the second portion of the duodenum, it can be well exposed by 
Kocher’s method of mobilization (Fig. 79). If it is in the third part, it 
can be well exposed by a method described by Winiwarter in 1911. 

The transverse colon with the omentum are lifted so as to expose the 
root of the mesocolon. A transverse incision is made through the poste- 
rior parietal peritoneum starting at the root of the mesentery just below 
the center of the root of transverse mesocolon and directed to the right 
(of the patient) along the base of the transverse mesocolon until the 
hepatic flexure is reached (Fig. 80, A). The upper lip of the incised 
parietal peritoneum is reflected slightly upward and the connective tissue 
in front of the duodenum is exposed.This tissue is bluntly separated until 
the duodenum is laid bare. The finger then enters between the duodenum 
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Flo 79 Kocher method of mobilizing fccond portion of duodenum. A. Location of 
inci«wm through peritoneum covering the hilum of the right kidney. B Mobilizing duo- 
<lenu m « itli index finger of left hand. C Suturing ruptured posterior nail of fecund part of 
duodenum. 

and the vertebral column and lifts the duodenum (Fig. SO, 11). This 
mobilization can be made more or le«s extensive, depending on the size 
of the injury. If this is small, the opening is closed in two layers and this 
constitutes the entire operation (Fig. 80, C). If, however, the rent is 
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Fia. 80. Winiwarter’s technic for repair of injured 3rd portion of duodc mint. A Incision 
through parietal peritoneum of the posterior abdominal wall. B Mobilization of 3rd part 
of duodenum with indev finger after peritoneum has been dissected bluntly from ventral 
surface of duodenum. C. Repair of rupture in the wall of 3rd part of duodenum by two 
layers of sutures. 


so large that closure of the opening will constrict the duodenal lumen, 
its closure should be supplemented either by a gastrojejunostomy 
(Fig. 81, 15), if the duodenal stricture is not great, or by a duodeno- 
jejunostomy (Fig. 81, A), if the stricture is considerable. If the portion 
of the duodenal wall is crushed so that simple repair is impossible, it 
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becomes necessary to resect the crushed portion of the duodenum and 
supplement this procedure by gastrojejunostomy and duodenojejunos- 
tomy (Fig. 81, C). 

Mortality. The mortality is staggering. According to statistics, com- 
piled by Berry and Giuseppi, it amounts to 87.2 per cent and collected 
by Hertle — 7G.8 per cent; whereas, from ninety-four cases recorded by 
Kanavel, the mortality amounted to 92 per cent. However, between 1910 
and 1940, eighty-four cases were reported of which 56 per cent of the 



Fid. 81. Winiwarter's technic, showing operative 6tepa which may be necessary to do 
depending on the location and type of duodenal injury. A. Duodenojejunostomy B. Pos- 
terior gastrojejunostomy. C. Resection of the duodenum followed by both duodenojejunos- 
tomy and posterior gastrojejunostomy. 

patients did not survive. The cause for such a high mortality rate is to 
be sought for in the late recognition of the injur}' and the difficulties of 
the technic. 




FOREIGN BODIES IN THE DUODENUM 

Foreign bodies in the duodenum become a subject of urgent surgery 
only when they are so large as to obstruct the lumen of the bowel, or 
hinder the passage of food through a partially obstructed duodenum, or 
if the foreign body is sharp and penetrates the duodenal wall. Other- 
wise, if they are small and have no sharp points, they may show no 
symptoms and pass per vias naturales. 

Infants and children frequently swallow foreign bodies, such as beads, 
marbles, pins and the like; or workers may swallow foreign bodies such 
as nails and pins which they habitually hold in their mouths. Demented 
or hysterical adults occasionally swallow foreign bodies. The most fre- 
quent are pins, safety pins and nails, but objects such as dentures, the 
handle of a toothbrush, spoons, and the like are also found. Occasionally, 
a large gallstone is observed in the duodenum, making its way through 
a spontaneous cholecystogastrostomy or cholecystoduodenostomy. In 
isolated cases large pieces of tendinous meat are located in the duo- 
denum as late as fifty days after the meat has been ingested. Bones and 
fruit stones may pass the pylorus and be arrested in the duodenum. 
Records reveal a case in which the horizontal part of a T tube was found 
in the duodenum, inserted into the common bile duct eight years previ- 
ously. Although there are numerous cases in which a foreign body may 
lodge and remain in the duodenum, only those which give rise to symp- 
toms draw the attention of the surgeon, This group is relatively small, 
the number of reported cases not exceeding fifty. 

The causes for the arrest of foreign bodies in the duodenum may be 
classed into two groups: The first is the anatomic characteristics of the 
duodenum and the possible pathologic changes of its wall; the second 
group pertains to the nature ol the foreign hody. Among the anatomic 
factors causing arrest of foreign bodies is the horseshoe shape with 
three angles: the superior, between the first and second portion of the 
duodenum; the inferior, between the second and third portion, and that 
at the gastrojejunal junction. Furthermore, the duodenum is compara- 
tively immobile, being retroperitoneal and, in one part, thrown against 
the spinal column. In marked lordosis, the duodenum may actually form 
a kink opposite the spine, while, in some cases, the superior mesenteric 
vessels may partially compress the duodenum. To these anatomic causes 
may be added pathologic changes in the duodenal wall, such as ulcers 
and diverticula. 

The arrest of a foreign body occurs most frequently in the lower angle 
and in the duodenojejunal junction. 

Symptoms. Foreign bodies in the duodenum infrequently cause symp- 
toms, and are found accidently by x-ray examination or at autopsy. In 
the cases manifesting symptoms, these vary according to the character 
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of the complication?, e.g., partial stricture, total occlusion, ulcerations 
and perforations of the duodenum. 

Diagnosis. A foreign body in the duodenum can be diagnosed with a 
certain degree of certainty only roentgenologically; it is impossible to 
make a diagnosis clinically. However, even Toent geologically, the diag- 
nosis is not atways definitely established. 

Treatment. When no acute symptoms are apparent medical treat- 
ment should be attempted. This consists of the administration of bulky 
foods i-e., mashed potatoes or bread, which not only coat the foreign 
bod}' but protect the mucosa against injur}' by a sharp or pointed ob- 
ject. When the symptoms point to acute obstruction or impending per- 
foration, surgery should be performed immediately. 

The proper operation is duodenotomy and, after removal of the for- 
eign body, elo-aire of the duodenal wall, in two layers, by a series of in- 
terrupted or continuous sutures. If the foreign body is lodged in the 
first or second portion of the duodenum, the operative approach is sim- 
ple; if, however, the third portion of the duodenum is involved, it should 
be exposed in the same manner as described for rupture of the duo- 
denum. 
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Chapter Vll 

Congenital Pyloric Stenosis 

By Julius L. Spivack 

HISTORICAL NOTE. Fabricius Ilildanus (1500-1634) is credited with, being 
the first who in an article under the title "Observatio singularis dc obstructione 
pylori,” described in 1627 a case in an infant 0 months old with symptoms strik- 
ingly resembling pyloric stenosis in infants. As the infant recovered, there is 
no way of determining whether Ilildanus’ case was one of true pyloric stenosis. 

The second case was reported by Patrick Blair, of Edinburgh, in 1717. It was 
that of a male infant, who “being a month old was seized with a violent vomit- 
ing and a stoppage of urine and stool. Some time after both these became more 
regular, but the vomiting still continued.” The infant died when five months 
old, and the autopsy showed : “The ventriculus was more like to an intestine than 
a stomach, its length being five inches and its breadth but one inch. The pylorus 
and almost all of the duodenum were cartilaginous and something inclined to 
ossification.” Weber, in 1758, recorded a case of a newborn female who “sucked 
milk without difficulty but soon after she had filled her stomach with this infant 
nourishment, she returned it by vomiting.” The infant died on the sixth day, 
and the autopsy showed that “The pylorus was hard to touch like cartilage, 
and contracted. On incision its substance was seen to be thick, and the tight- 
ness of its contraction made the lumen similar.” Armstrong, of London, in 1771, 
reported an autopsy made on an infant who was affected with “watery gripes,” 
which revealed, that “There was no morbid appearance to be observed any- 
where but in the stomach, and this viscus being so full while the intestines 
w'ere almost empty, looked as if the disease had been chiefly due to a spasm of 
the pylorus which prevented the contents of the stomach from passing into the 
duodenum.” 

The firefc, njisjt in, tj.vi United States, and the filth an. vyianl was. rapanted by 
Hezekiah Beardsley, of New Haven, Connecticut, in 1788. On autopsy it w r as 
found that “The pylorus was invested with a hard compact substance or scir- 
rhosity which so completely obstructed the passage into the duodenum as to 
admit with the greatest difficulty the finest fluid; whether this was the original 
disorder or only a consequence may perhaps be a question.” 

Siemon-Dawosky in 1842 reported the first case in Germany. Landerer in f 
1879, coined the term “congenital pyloric stenosis.” 

Incidence. Most cases of congenital pyloric stenosis were reported 
from Anglo-Saxon countries and Germany; considerably less from Latin 
and Slavic countries. It occurs in negro infants very infrequently. There 
is considerable preponderance of males over females, approximately at 
6 to 1. Most frequently the condition is found among first-born infants, 
and less often among second, third and even fourth-born infants. 

Symptoms. The symptoms usually appear between the third and 
fourth weeks of age, less frequently between the sixth and tenth weeks; 
in some cases as late as between the fifth and sixth months. 
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Vomitus is the most striking symptom. At first it is a mere regurgita- 
tion after feeding; later it becomes more forceful and projectile; at the 
start it is infrequent, but in the course of time appears after each feeding. 
The child is always hungry, eagerly sucks the finger or the bottle. The 
feces are scanty. The child becomes emaciated depending in intensity 
upon the degree of obstruction and the time brought to the hospital. 
There is decrease of subcutaneous fat and marked dehydration; wrin- 
kling of the skin, sunken appearance of the eyes. Examination of the 
abdomen shows moderate distention at the epigastric region corre- 
sponding to the area of the stomach and flatness of the hypogastric 
region corresponding to the empty bowels. In the epigastric region one 
often secs gastric peristalsis. In about 95 per cent a palpable tumor repre- 
senting the hypertrophied pylorus can be felt. In some cases this tumor 
can he detected only after repeated examinations and in some cases 
only under general anesthesia. 

Diagnosis. Vomitus, at first in the form of regurgitation and Inter 
assuming a projectile type, constipation or scanty stool, loss of weight, 
visible gastric peristalsis are very suggestive of this affection. The pres- 
ence of a palpable tumor clinches the diagnosis ns such a tumor is pres- 
ent in no other condition. 

Differential Diagnosis. The following conditions should be differ- 
entiated from congenital pj’Ioric stenosis: 

1. Pylorospasm. The vomitus appears in spells; the interval between 
the attacks may last several days, when the child appears to be per- 
fectly normal. In hypertrophic pyloric stenosis the symptoms are con- 
tinuously progressing. There is no palpable tumor in pylorospasm, a 
condition which is relieved by atropin or its derivntes, such ns cumydrin. 

2. Intrinsic types of gastro-intestinal obstruction , such as atresia of the 
esophagus, duodenum or small intestine. In this case vomitus appears 
on the first or second day of life, while in hypertrophic pyloric stenosis it 
seldom appears before the 9th or the 10th da}'. If the atresia is below the 
ampulla of Yater, the vomitus contains bile, in contrast to obstruction 
of the pylorus or the esophagus when no bile is seen in the vomited mat- 
ter. In atresia of the esophagus there is often a communication between 
the esophagus and the trachea above the point of obstruction, which i* 
manifested by respiratory difficulties after intake of food or even the 
flow of saliva. 

3. Extrinsic forms of congenital obstruction, as produced by incom- 
plete rotation of the intestinal tract, give signs of obstruction within 
the first 24 or 48 hours after birth, while in pyloric stenosis, as already 
mentioned, the signs usually appear only on the 9th day or later. 
Vomitus also contains bile, which i« not the case in pyloric stenosis. 

4. Intracranial injury or hemorrhage which may occur as a birth 
trauma may cause frequent vomiting. However, it is not of the projectile 



CONGENITAL PYLORIC STENOSIS 


219 


type and there will be signs of brain compression, such as convulsions, 
spasticity and in some cases bloody cerebrospinal fluid. 

Treatment. In the majority of cases of pyloric obstruction the condi- 
tion is attributable to hypertrophy of the muscles and in the minority 
to pylorospasm. In the latter case the treatment may be medical — 
feeding with thick cereals and medication. This medical treatment has 
recently come to the fore again since Svcnsgaaid, of Copenhagen, in 
1935, introduced cumydrin (methyl atropine nitrate), 2.5 cc. of a freshly 
prepared 1.0:10.000 solution being given half an hour before each feed 
for the first 2G days, after which it is gradually reduced and discontinued 
after another 15 days. Gastric lavage and subcutaneous introduction of 
normal salt solution or glucose may be necessary during this treatment. 
This method yields good results only in cases of pylorospasm, but in 
obstruction due to true hypertrophy of the muscle only surgery is of 
value. 

Surgical Treatment 

The child should not lxs rushed to the operating table, because pre- 
operative management to render the little patient safe for surgery is 
imperative. The infant should be given 100 to 150 cc. of normal saline 
solution or glucose daily for two or three days during which it is fed 
by mouth at two-hour intervals. If glucose is given subcutaneously, it 
should be at three per cent in normal salt solution or as 5 percent in 
distilled water. A day before the operation the child should have a blood 
transfusion, 10 cc. of blood for each pound of its bodily weight. Immedi- 
ately before operation the infant’s stomach is thoroughly lavaged. 

The anesthesia may be general or local. In the former, deep nnreo-ds 
should never be induced, as very light anesthesia, which will keep the 
infant quiet, is adequate. While ether, by the drop method, is very 
efficient, this operation can easily be carried out under local analgesia 
for which about 15 cc. of a one-half per cent solution of novocain without 
adrenalin suffices. 

Operative Technic. Many operative procedures have been suggested 
for congenital pyloric stenosis. They were used with different degrees of 
success, but all became obsolete after Itamstedt introduced his technic. 

1. Jejunostomy, was the earliest one performed for the first time for 
this condition by Cortlua, of Hamburg, in 1892. He intended to perform 
a pylorectomy and the jejunostomy was only to be a preliminary oper- 
ation for the purpose of feeding the infant to gain strength. However 
the child died a few hours after the operation. 

2. Gastrojejunostomy. This was performed for congenital pyloric steno- 
sis for the first time by Carl Stern, of Dusseldorf, in 1897. The child died 
a few hours after operation. Lobker was the first who successfully per- 
formed it in 1898. After that several other attempts were made with the 
frightful mortality of 60 per cent. 
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3. Dividsion of the stomach (Loreta Operation). James Nicoll, of 
Glasgow, was the first who performed it in 1899 through a gastrotomy 
opening. The mortality of this type of operation was about 35 per cent 
and the results were uncertain. 

4. Pylorectomy. Only one attempt of this kind was made by Harold 
Stiles, of London, in 1900. The child died of shock a few hours after 
operation. No such further attempt became known. 

5. Pyloroplasty of the Heineke-Mikulicz type was first performed by 
Braun in 1900. The infant died 20 hours after operation. The first suc- 
cessful case was performed by Clinton Dent, of London, in 1902. Mor- 
tality by this method is high — above 40 per cent. 

6. Exiramucoua pyloroplasty of the Heineke-Mikulicz type. This was 
suggested by Fredet in 1907, and Weber in 1910. It consists of cutting 
the seromuscular layer of the anterior pyloric wall longitudinally and 
suturing it in a direction perpendicular to the line of the incision. This 
operation has the disadvantage of presenting technical difficulties since, 
owing to the marked hypertrophy of the muscle, it is difficult to suture 
it in a direction perpendicular to the line of incision. However, it served 
as a stepping stone in the development of an operation destined to be- 
come the best method namely, RamUedt operation. 

7. Technic of the Ttamstedl Operation. The abdomen is opened by a 
right paramedian longitudinal incision, 2 inches long, starting one inch 
below the coital arch (Fig. 82, A). The skin, subcutaneous tissue and 
anterior sheath of the right rectus muscle are cut; the right m. rectus is 
either retracted laterally or split, the posterior sheath and the peri- 
toneum are opened in the same direction for the same length. Hemosta- 
sis should be meticulous and any bleeding point clamped and ligated 
with very fine catgut. One has to be particularly careful that while 
opening the peritoneum the small intestine should not protrude outside 
the abdominal cavity. As soon as the abdomen is opened, the right lobe 
of the liver is seen. This is lifted with the index finger of the left hand 
and McFadden’s pylorus forceps is introduced to the pyloric portion 
with the right hand. (Fig. 82, B). Instead of using a forceps one may 
grasp the pyloric portion with the thumb and the index finger of the 
right hand. As soon as a hold on the pylorus is secured, the left hand re- 
leases the liver and replaces the right hand in holding the pylorus; the 
index finger and the thumb of the right hand now are exerting a little 
further traction on the antrum so as to facilitate bringing the pylorus 
outside the abdomen. A line is chosen on the anterior surface of the 
pylorus comparatively free of blood vessels; this will usually be midway 
between the curvatures or closer to the lesser curvature. An incision 
one-half inch long is now made through the serosa and the superficial mus- 
cular layer in the middle portion of the pyloric tumor (Fig. 82, C). From 
this moment further separation of the muscle done bluntly, preferably 
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by the blade of the knife (Fig. 83, D). Though done bluntly, neverthe- 
less the muscular fibers will separate readily until the mucosa is reached, 
which will pout through the divided muscle and reach the level of the 
serosa (Fig. 83, E). The points of a mosquito forceps arc then introduced 



Fig. 82. Congenital pyloric stenosis — Itnmstedt operation. A. Abdominal incision. B- 
Liver retracted, pylorus grasped with right hand and pulled out of abdomen into operative 
field. C. Pylorus grasped with left hand, incision made through serosa in middle of tumor 
mass. 


between the separated muscular lips and by alternately opening and 
closing the blades the muscular gap is enlarged at each end close to the 
duodenum and the antrum. One has to be extremely careful when 
approaching the duodenal end, as here the mucosa is liable to be punc- 
tured, the reason of which will be discussed later. However, one has to 
be sure that the muscle in the entire length of the pyloric ring extending 
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from the antnim to the duodenum should be cut so that throughout the 
lumen is freed of constriction. Usually the procedure is practically blood- 
less. If there is oozing, it can be controlled by applying warm saline 



Fig 83 Congenital pyloric stenosis — Itamstedt operation D ISIuut dn«i ciioii of mii'di; 
fiber* with handle of scalpel. a. cross sectional view. I] enlargement of muscular gap in 
both directions u«tng points of mosquito forceps, b. cross sectional view, c frontal section 
through usual type of a pyloric tumor; d frontal section through pjlorie tumor which bus 
duodenal recess Arrow (d) indicates place where there i« great dsngir of puncturing 
muciwa during dissection 


packs for a few minutes. If bleeding persists, the bleeders should be 
ligated with fine catgut. One now ascertains that there are no perfora- 
tion* of the inuco=a and also that the lumen is not constricted anywhere. 
How to achieve this will be di*cus*ed in detail under "complication*./' 
After this the stomach i* returned into the abdominal cavity; the al>- 
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dominal wall is closed in four layers, the peritoneum and posterior 
sheath being one, the muscle another, the anterior sheath the third, 
and the skin the fourth. All of these layers should be closed with fine 
silk in preference to catgut, as the latter necessarily is thick and easily 
tears the fine layers of the abdominal wall of an infant. A collodion 
dressing is applied and the abdomen is bandaged. 

Complications 

There are several complications which maj r arise after pylorotomy; 
some of them are attributable to a faulty surgical technic, others are 
due to general condition of the patient. They may be grouped as 
follows: 

1. Opening of the gastric or duodenal mucosa. 

2. Persistence of vomiting. 

3. General peritonitis. 

4. Hemorrhage from pyloric or gastric wall's. 

5. Disruption of the abdominal wound. 

6. Syndrome of Ombr6danne. 

7. Acute liver insufficiency with acidosis. 

8. Alkalosis with hypochloremia. 

9. Pulmonary complications. 

1. Opening of the mucosa is the most frequent accident in pylo- 
rotomy. If it is discovered at the time of operation, no harm results. If 
the opening is small and remains unnoticed, there will be escape of gastric 
contents with fatal peritonitis. Therefore, it is imperative, before be- 
ginning to close the abdomen, to test whether the mucosa is unbroken. 
This can be done in the following manner (Fig. 84, A) : The first portion 
of the duodenum is compressed between the thumb, index and middle 
fingers of the left hand, so as to occlude its lumen; the right hand 
squeezes the stomach, so that its contents are propelled forward; if the 
mucosa was not broken, the herniation of the mucosa, already present, 
will increase; if there is an opening in the mucosa, bubbles of gas and 
some gastric contents will escape. Two fine catgut sutures suffice to 
close the opening; for additional safety a small piece of detached omen- 
tum may be utilized to reinforce the closed mucosa. Opening of the gas- 
tric mucosa may occur even with the most experienced surgeons. The 
reason for it is that in some cases the duodenal mucosa penetrates 
deeply into the pyloric tumor mass and if we look through the opened 
duodenum it resembles the relation of the uterine cervix to the anterior 
vault as seen from the vagina. It is at this end close to the duodenum 
where the perforation occurs. The different relations of the duodenal 
mucosa to the pyloric tumor can be seen in the accompanying illustra- 
tion (Fig. 83 C and D). To avoid perforating the mucosa one has to be 
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Fia. 81. Congenital pyloric stenosis. A. Method of testing a leak through the mucosa. 
B, C, D u . McLanflhan method of testing the patency of pylorus after Rams tod t 
operation (see text). 

extremely careful, T\bcn approaching the duodenal end; no sharp divi- 
sion should be made after a knife was used for cutting in the center of 
the tumor. It is no technical error to leave a few muscular fibers un- 
l divided in the deepest layer at the duodenal end, provided that the 
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patency of the lumen is established. A very helpful maneuver was sug- 
gested by McLanahan, namely to push forward through the pyloric 
canal a catheter, No. 12 French scale, and connect it with a suction 
apparatus. This catheter he uses before the operation for suction of 
gastric contents and leaves it in the stomach during the operation. 
This catheter cannot pass through the pyloric canal when it is hyper- 
trophied but as soon as the constricting ring is relieved, its passage is 
accomplished without difficulty (Fig. 84 B, C and D). 

2. Persistence of Vomitub. This usually occurs if the hypertrophied 
muscle was not sufficiently cut. However, in some cases it occurs even 
after complete division of the muscle fibers. Some explain its per- 
sistence by hypersensitivity of the gastric mucosa. The administration 
of sedatives finally overcomes this complication. 

3. General Peritonitis. This is a very infrequent complication 
which occurs after inadvertently cutting the mucosa without noticing 
it. If, however, this accident was noticed and the mucosa closed, no 
ill results ensue. 

4. Hemorrhage from the gastric or abdominal wall is extremely 
rare. To prevent bleeding of the gnstric wall, the incision is usually 
made in a comparatively avascular area and the oozing stopped by hot 
packing for a few minutes. This usually suffices to control the hemor- 
rhage; if it still persists, the bleeders are ligated with fine catgut; in the 
few recorded cases of fatal hemorrhage the infants were proved to suffer 
from hemophilia. 

5. Disruption of the abdominal wound was recorded several times. 
It is particularly prone to occur when the abdomen is closed in one 
layer. 

6. Ombredanne syndrome appears as early as at the end of the op- 
eration or later within twenty-four hours after the operation. The 
chief symptoms are: 

a) Elevation of temperature up to 104°F.; 

b) general pallor of the skin and mucous membranes; 

c) tachycardia reaebing up to 150 beats per minute; 

d) polypnea in which the number of respiratory movements may 
reach 50; 

e) profuse sweating; and 

f) extreme restlessness. The child does not sleep and moves inces- 
santly. 

This complication as a rule is fatal. Several theories as to its cause were 
propounded but nothing definite is known so far. 

7. Hepatic insufficiency with acidosis is a rare complication. It is 
manifested by dyspnea of the Kussmaul type, a strong odor of acetone 
in the respired air, lowered alkaline reserve, lowered concentration of 
carbon dioxide in the blood and altered concentration of pH in the blood. 
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The treatment consists of blood transfusion, injection of sodium bi- 
carbonate, glucose, adrenalin and cardiac stimulants. 

The prognosis is favorable, if the diagnosis is made early and treat- 
ment immediately instituted. 

8. Alkalosis with hypochloremia is characterized by paralytic 
ileus, frequent vomitus, toxic manifestations, dehydration, delirium 
and fever. The blood shows elevation of the alkaline reserve, hyper- 
glycemia, azotemia and a drop of the chlorides below 2.80 grm. in 1000 
cubic centimeters. 

If the condition is recognized early, the prognosis is good. The treat- 
ment consists of intravenous infurions of 5 to 8 cc. of a hypertonic so- 
dium chloride solution (20%) every 12 hours until clinical improvement 
and examination of the chlorides in the blood shows that they have 
reached a normal level. 

9. Pulmonary complications after the iumstedt operation 

are rare. 

Of all the methods employed Ramstedt’s is the be*t. As a matter of 
fact, hardly any other method now is used. Whereas in the early ca**e.> 
by this method the mortality was about 12 per cent, it is now reduced 
to 3 per cent, and there are several records of individual surgeons 
(Donovan, A. Strauss) who«e personal experience runs in hundreds of 
cases, with their mortality less than one per cent. 
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Chapter VIII 


Gastrostomy 

By Juuus L. Spivack 

Gastrostomy as an emergency procedure is rarely indicated, but as 
an urgent operation it should be performed the moment the patient is 
unable to swallow solid food, that is in all cases where the operation is 
indicated at all. Delay of carrying out the operation results in the pa- 
tients’ becoming emaciated and therefore poor surgical risks. 
HISTORICAL NOTE. Gastrostomy is one of the earliest operations of the 
stomach. It was first performed by Daniel Schw aben, in 1 635, for the remo\ al of 
an accidentally swallowed knife. It was planned as a gastrotomy, but a gastric 
fistula was formed, thus creating a gastrostomy. Several cases of traumatic 
gastrostomy were known in the IStli century; some of these patients lived for 
decades, taking food through the gastrostomy opening and apparently enjoying 
good health. To Christian A. Egeherg belongs the credit of being the first to 
suggest it as a planned operation for feeding patients with an impermeable 
esophageal stricture. In 1837, he presented a paper on tliis subject before the 
Christiania Medical Society. He not only suggested the operation, but gave 
an outline of its surgical technic, which for many decades was followed by sur- 
geons. Bassow, Professor of Surgery at the Unhcrsity of Moscow, in 1842, 
repeatedly performed gastrostomy on dogs, and Blondlot at about the same 
time also did it on dogs for physiologic investigations The first who performed 
it on a human being was SMillot, of Strasbourg, in 1849. 

The first successful gastrostomy is usually credited to Sydney Jones of Lon- 
don, whose patient, operated in 1875, lived forty days after the operation. 

Scieral difficulties confronted the surgeons of those da}'s, among which the 
most important were leakage of the gastric contents and peritonitis. 

Among other complications arising from time to time was detachment of the 
stomach from the abdominal wall awl slipping hack into the peritoneal cavity. 
The colon occasionally was mistaken for the stomach and a colostomy instead 
of gastrostomy resulted. .HI there difficulties were overcome in a comparatively 
short time with exception of leakage of the gastric contents. Many ingenious de- 
uces were offered against this drawback, and we refer those who wish to 
familiarize themselves with those methods to the chapter on gastrostomy in 
Spivack ’8 “Surgical Technic of Abdominal Operations." 

Indications 

Gastrostomy is performed either for the purpose of feedi ng the patient 
when for some reasons lie cannot be fed by mouth, or for therapeutic 
purposes. 

A. Tlie usual causes preventing oral feeding are: 

1. Constriction of the esophagus due to benign or malignant tumors. 
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2. Ulceration of the esophagus due to burns by swallowed corrosive 
material. 

3. Strictures of the esophagus produced by healed extensive ulcers. 

4. Diverticula of the esophagus, when part of the food passes into a 
cul de sac, stagnates there and produces esophagitis. In order to 
control the inflammation, feeding through the mouth should be 
avoided. 

5. Aneurysm of the aorta compressing the esophagus. 

6. Tumors of the posterior mediastinum. 

B. For therapeutic purposes gastrostomy is performed to facilitate 
dilatation of the cardiac end of the stomach by a retrograde method. 

In most of the cases gastrostomy is done with the aim that the patient 
will require a stoma as long as lie lives. This constitutes permanent 
gastrostomy. In the greatest majority of cases the patients need such a 
permanent gastrostomy. However, in some cases the patient needs it 
only for a short time and for these cases a temporary gastrostomy is 
used. 

The most commonly u*>ed methods arc those described by Stamm, 
Witzel and Spivack. 

We use for temporary gastrostomy the method of Stamm or Witzel, 
and for permnnent gastrostomy, Spivack’s method. 

Witzel’s Method (Fig. 85, B) 

Described in 1891. A portion of the anterior gastric wall is delivered 
outside the abdominal cavity. A small opening is made in the anterior 
gastric wall through which is inserted a rubber tube for a distance of 
one inch into the lumen of the stomach. The rest of the rubber tube is 
placed on the anterior gastric wall in an upward direction and to the 
left; two folds of the gastric wall are sutured over the rubber tube for 
a distance of 1| to 2 inches. Thus the opening into the stomach occupies 
the lowermost portion of the channel and resembles the course of the 
ureter. Gernez modified Witzcl’s method in this respect that he placed 
the opening on the fundus, so that the opening into the stomach occupies 
the highest point of the channel (Fig. 85, A). 

Stamm’s Method 

Described in 1894. A portion of the anterior gastric wall is delivered 
outside the abdomen. A circular purse-string suture is made with a ra- 
dius of one inch (Fig. 80, A). The stomach is opened at the center of this 
circle and a rubber tube No. 15, American scale, is inserted for a dis- 
tance of one inch and the tube fastened to the gastric lip by a silk or 
catgut suture (Fig. 86, B). The purse-string suture is drawn together 
and the ends are tied (Fig. 86, C). Six interrupted sutures fasten the 
stomach to the parietal peritoneum; each end of the purse-string suture 
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i«f passed through the entire thickness of the corresponding abdominal 
lip and the ends are tied each to other (Fig. 87, D). The characteristic 



Fig. 8i. Gastrostomy. A Corner modification of WitzclV method frinal view). 

B. WiinTs method (Final view). 

feature of the Witzcl and Stamm methods is that the channel is formed 
from the anterior gastric wall and lined with scrota, and therefore both 
have a tendency of spontaneous closure. For this reason they arc prac- 
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tical only when one wants to make a temporary gastrostomy, but un- 
suitable for permanent gastrostomy in which the opening should remain 
patent all the time. 



? , 

Fio. 86. Stamm method of gastrostomy. A. A purse-string suture is made. B Insertion 
of a catheter into the stomach. C. Tying the ends of the purse-string. 

Another weak point of these methods is that the gastric contents fre- 
quently leak. 

In order to overcome these two objections, Spivack, in 1929, devised 
a new tubovalvular method. This is characterized by forming a tube 
from a gastric flap of the Depage or Janeway type and a valve at its 
base. The tube is lined with mucosa and does not become obliterated; 
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the valve closes the base of the tube, thus rendering the stomach water- 
tight. 



Fro. 87. Stamm method of gastrostomy. D. Fixation of the stomach to the parietal peri- 
toneum. E. Cross section. The channel leading into the stomach is lined with serosa. 

Spivack’s Method 

Step 1. Abdominal Incision. We prefer to open the abdomen by a 
left midrectus longitudinal incision, four inches long, starting immedi- 
ately below the left costal arch. 

Step 2. Selection of Flaf. A portion of the anterior gastric wall close 
to the fundus is delivered outside. A quadrangular flap, three inches 
long and two inches wide, is outlined and each corner of it is grasped by 
Allis forceps (Fig. 88, Ti). If the stomach is small, the size of the flap 
maybe made considerably smaller; however, the ratio of 3:2 (height to 
width) stiouid be preserved. That the gastrostomy flap may he consid- 
erably smaller is attested by the fact that several surgeons, including 
the originator, made it on infants, children and on the small bowel. 

Step 3. Formation of the Valve. This is constructed from the upper 
two-fifths of the flap, thus making the opening close to file lesser curva- 
ture; hon ever, in some cases the valve may be made from the lower two- 
fifths of the flap. The detailed technic of this particular step is as follows: 

a. A seromuscular bite is taken at a point of the line connecting the upper 
anti the lower angles of the outlined flap at a distance of two-fifths of tins 
line from the upper angle. Another seromuscular bite is taken through the 
upper angle of the same line. Each end of the thread is clamped by a small 
forceps (Fig. 89, A). 
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b. Another suture is placed at symmetrical points along the vertical line con- 
necting the upper and lower angles of the other side of the outlined flap 
(Fig. 89, A). 

c. A forceps is placed behind these threads and their ends are tied to each 
other (Fig. 89, A). 



Fio. 88. Spivack’s tubovalvular gastrostomy. A. Depage flap. B. Janeway flap. 

C. Hirsch flap. D. Reversed Hirsch flap. 

d. A seromuscular suture unites the two opposite ridges, starting from the 
end, farthest from the operator (Fig. 89, B). Care should be taken in 
doing so to suture the ridges at symmetrical places and not to encroach 
upon the lower portion of the flap. (The author saw few cases in which the 
surgeon doing this 6tep started correctly at one end and while suturing 
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the opposite ridges reached the lower corner of the opposite side thus leav- 
ing no flap for making a tube in the subsequent step.) 



Fig. 89. Spivack'a tubovalvular gastrostomy. A, B, C. Successive steps in 
formation of the valve (6ce text). 


Step 4. Formation of the Tube. 

a. A seromuscular vertical incision starting from the right upper angle v* 
made up to the right lower angle; another seromuscular incision parallel 
to the first is made from the left upper to the left lower angle; a transverse 
seromuscular incision connecting the lower angles js innde, Small blood 
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vessels are seen now traversing the mucosa; they are ligated doubly and 
cut between the ligatures, thus reducing bleeding to a minimum. Occa- 
sionally, wc ligate the vessels singly; then by cutting the mucosa, there is 
some bleeding from the flap, which serves as indication that the blood 
supply to the flap is sufficient (Fig. 90, A). 



Fig. 90. Spivack’s tubovalvular gastrostomy. Formation of a flap. A. Seromuscular 
incision is made. Blood vessels traversing the mucosa are ligated. B. Cutting the mucosa. 

b. The mucosa is cut along the three lines. The produced flap is reflected up- 
ward (Fig. 90, B). At the base of this flap lies the valve, which was con- 
structed in the previous step. Now it Is seen that the mucosa of the valve 
forms a dome, the apex of which reaches nearly to half of the height of 
the flap — the future tube (Fig. 91, A). When the flap will be transformed 
into a tube by the subsequent steps, this valve will hermetically shut off 
the lumen of the stomach from that of the tube. 
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c. Suturing the flap into a tube. From a technical point of view this can be 
done by starting to close the stomach from below; or it can be done by 
starting the suturing from the upper angles of the flap downwards, until 
the entire opening is closed. Wo prefer to do it in the following way: 





Fig. 01, Spivack's tubovslvular gastrostomy. Formation of a tube from the flap. 
A. Placing of two interrupted sutures — one at the base and the other at the free border 
of the flap. B. Previously placed sutures are tied. Closure of the gastric opening. C. Re- 
inforcement of the junction of the base of tube and the stomach. D. Reinforcement of the 
suture-line by another seromuscular-seromuscular suture. 


A bite is taken through each upper corner of the flap ; another thread 
takes a bite through each lower angle of the flap immediately above the 
point where the seromuscular suture was inserted in step 3 (Fig. 91, A) 
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The ends of the upper thread arc tied to each other; the same is done with 
the ends of the lower thread. Thus a tube is formed, the upper and lower 
ends of which are already sutured (Fig. 91, B). The ends of seromuscular 
suture inserted in step 3 and left long until this moment, are now cut 
short. Next, the opening into the stomach is closed, starting from the 
lower end by a continuous through-and-througli suture. This suture is 
continued in an upward direction in order to complete the suturing of the 
tube, the upper and lower ends of which had been sutured already (Fig. 
91, B). 

As the valve is very powerful and may even protrude outside the lips 
of the tube, it is easy to include it in the suture while suturing the lips to 
each other, which certainly should be avoided because it will occlude the 
tube. Therefore, it is advisable to place a forceps into the lumen of the 
tube compressing the valve so as to have it away from the lrps of the tube 
while these lips are sutured, after the completion of which the forceps is 
removed (Fig. 91, B). 

As the point where the base of the tube joins the stomach at the suture 
lino is a potentially weak spot, from where leakage may ensue, it is ad- 
visable to reinforce it. This we accomplish by invaginating the base of the 
tube into the adjoining gastric wall by placing three seromuscular sutures, 
one bite of which goes through the stomach at a distance of one-fourth 
of an inch from the base of the tube and the other bite at the wall of the 
tube at a height of one-cighth of an inch from the base of tlic tube. This 
expedient not only reinforces the “weak spot” but may also aid in com- 
pressing the wall of the tube against the valve, thus enhancing the water- 
tightness of the stomach (Fig. 91, C). 

When the first row' of sutures is completed, another seromuscular line 
of sutures is inserted, also starting from below and reaching the upper end 
of the tube (Fig. 91, D). 

Step 5. Fixation of the Stomach and the Tube to the Anterior 
Abdominal Wall. 

a. The anterior wall of the stomach is sutured to the parietal peritoneum and 
the posterior sheath of the rectus muscle by taking a bite through the pos- 
terior sheath and the peritoneum of one lip of the abdomen, then through 
the seromuscular layer of the stomach above the tube and close to its base, 
next through the peritoneum and the posterior sheatli of the rectus muscle 
of the other lip, when the ends are tied. The same is done to suture the 
peritoneum and posterior sheath of the rectus muscle of one lip of the 
abdominal wall, then through the seromuscular layer of the stomach be- 
low the tube and then through the other lip, when the ends are tied. Be- 
fore tying the ends of the thread, care should be taken to see that the tube 
is not constricted (Fig. 92, A). Thus, two objectives arc attained: the 
stomach is attached to the anterior abdominal wall only at two points 
and not by a broad surface, and the tube comes to lie extraperitoneally. 
The latter feature permits the removal of the tube under local analgesia 
when the temporary stoma is no longer needed. 

b. The wall of the tube is sutured to the anterior sheath in the same manner 
as described in “a” (Fig. 92, B). 

c. The tube is attached to the skin by four sutures at four points of the tube 
at a distance of one-fourth of an inch from its free end. One point is at the 
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anterior wall of the tube, the other at the posterior ami the third and the 
fourth at each lateral ride (Fig. 92, C). 

The anterior^and the^posteriorpointsW sutured to both lips exactly 
the same as the tube is sutured to the anterior sheath, each lateral point 



Fio. 92. Spivaek’s til l»o valvular gastrostomy. A. Fixation of tlie stomach to the perito- 
neum. B. Fixation of the tube to the anterior sheath C Fixation of the tube to the akin 
T>. Final view of the opening leading into the stomach. 

of the tube being sutured only to its adjoining cutaneous lip (Fig. 92, C) 
We intentionally leave about one-fourth of an inch of the tube above the 
skin, to allow for its future retraction. The mucosa of the tube covers the 
seromuscular layer in the form of a rosette; in this wav the serosal layer 
nf the tube does not come in contact with the air, which would rau*e it to 



Fro. 93. Spivack's tubovalvular gastrostomy. Cross section. A. The tube is lined with 
mucosa. The walls of the valve he close to each other. B. A catheter separates the parts 
of the valve. C. Increased intragastric pressure brings the walls of the valve closer to each 
other, thus increasing the watertight ness of the stomach. 


commonly done by many surgeons the reason for it being that a stitch 
taken through the mucosa is contaminated and this is one of the most fre- 
quent causes of infection of the abdominal wall. 


The tubovalvular method can be performed on a very small stomach. 
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In such cases one does not need to outline a flap of 3X2 inches; it may 
be considerably smaller. However, the ratio of 3 to 2 (the height to the 
width) should be preserved. This operation was performed several 



l'iq. 01. SpivacL’s tubovalvular gastrostomy in case of a small stomach. A. Diagram- 
matic presentation showing that not only the anterior but also the posterior gastric wall 
are utilized to form a tube and a valve. B. Formation of a valve. C. Formation of a tube 
D. Final view (see text). 

times on newborn infants and small children and by the originator on 
the jejunum, colon and urinary bladder. 

If the stomach is very small and If one still wishes to have a fairly 
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good size valve and a tube, one can resort to a modification of this 
method devised and used by us since 1931, and published in 1933. It 
consists of utilizing not only the anterior but also the posterior gastric 
wall, forming the valve from the anterior gastric and the tube from the 
lower portion of the anterior and from the posterior gastric wall (Fig. 
94). 

The abdomen is opened and a portion of the stomach is delivered outside the 
abdominal cavity; the quadrangular flap is outlined as for the usual type of 
tubovalvular gastrostomy, with this sole difference that tire ratio of height to 
width is 3:4 (in other words, the height is 1§ inches and the width 2 inches); 
four Allis forceps arc placed one at each corner of the flap; the valve is now' 
formed from the entire flap as described in Step 3 of the tubovalvular gastros- 
tomy. The gastrocolic ligament is cut for a width equal to that of the flap; the 
gastro-cpiploic arteries arc divided between two ligatures at each corner of the 
flap; the posterior wall of the stomach is now drawn anteriorly for a distance 
of one inch and a half, thus forming a quadrangular area, the width of which is 
two inches and the height — one and one half inches. This posterior wall is cut 
at its base and sides, thus forming a flap, the edges of which are sutured to 
each other to form a tube, after which the opening into the stomach produced 
by cutting the flap is closed. Thus a valve is formed from the posterior gastric 
wall. The edges of the divided gastrocolic ligament are sutured to each other, 
thus restoring the normal relation of the stomach to the colon. 

We recommend the Stamm method for temporary gastrostomies for 
a short duration and Spivack's method for temporary gastrostomies of 
long duration and for permanent gastrostomies. 

In a temporary gastrostomy by the Spivack method, the tube may 
be removed under local analgesia. As it lies extraperitoneally, it will 
not be necessary to enter the peritoneal cavity. 

The mortality depends on several factors, such as whether operation 
is done for a benign or a malignant lesion, the preoperative management, 
type of analgesia used and the general condition of the patient. The 
optimum time of operation is as soon as the patient is unable to swallow- 
solid food. We advise to administer a few days before the operation 
glucose and normal salt solution intravenously and a blood transfusion 
a day before the operation, followed by another blood transfusion after 
completion of the operation. 

As a rule we use local analgesia, employing one-half of one per cent 
of novocain solution with 5 drops of adrenalin (1.0:1000.0) added to 
each ounce of novocain solution. As a rule, this will suffice. However, if 
the stomach is small and some pulling is necessary, w r e supplement the 
local with splanchnic anesthesia. 

With all these precautions the immediate mortality (that is within 
the following ten days) is about thirty per cent. 
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Chapter IX 

The Pancreas 

By Warren H. Cole 

Lesions of the pancreas requiring immediate surgery are relatively 
infrequent, largely because it is a solid organ and not subject to danger 
of rupture, which is so commonly encountered in the hollow viscera. The 
conditions which may be considered of an emergency nature may be 
classified roughly into two groups: (1) trauma and (2) infections. Occa- 
sionally, infection may be encountered in pancreatic cysts, constituting 
a condition for which treatment must not be delayed. 

Trauma 

The location of the pancreas immediately in front of the vertebral 
column and partially protected by other organs and by the rib margins 
anteriorly on each side is a major factor in the low incidence of injury. 
Another factor in the relatively low incidence of urgent lesions lies in 
the fact that in the relatively minor injuries to the pancreas symptoms 
may be so mild or so atypical that a correct diagnosis cannot be made. 
In the former instance when the trauma is mild, consisting only of con- 
tusion, failure to operate will not be associated with serious conse- 
quences. On the contrary', as will be discussed later, nothing can be 
gained by operation. In mild injuries, a diagnosis no more accurate than 
contusion of the abdomen will he possible. Numerous reports of serious 
lacerations of the pancreas are observed with relatively slight trauma. 
Likewise there may be no external evidence of injury'. 

The type of lesion sustained may be classified as follow's: (1) contu- 
sions, (2) lacerations and (3) perforations. The latter type of injury' is 
inflicted chiefly by - gunshot wounds or by stab wounds. In such instances, 
injury to other organs lying anterior to the pancreas usually will be 
found. Because of the nature of the pancreatic secretions the pathologic 
features of traumatic lesions of the pancreas will vary' from those noted 
in injuries to other organs. As encountered in injuries to various organs, 
lacerations, edema and hemorrhage will be variable. The blood may be 
present either in the lesser or in the greater peritoneal cavity. Consider- 
able bloody fluid may be found soon after the injury; a large portion of 
this fluid may represent pancreatic secretions. Two important compli- 
cations or sequelae to injury to the pancreas are the development of 
acute pancreatitis and the formation of a pseudocyst. If acute pancre- 
atitis develops, it usually manifests itself within a few days after injury. 
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If operation is performed later than twenty-four hours following injury, 
evidence of acute pancreatitis including scattered areas of fat necrosis 
and induration of the gland may be noted. In addition to primary 
hemorrhage sustained at the time of injury, there is a remarkable tend- 
ency toward the development of secondary hemorrhage as long as ten 
days after the injury. This secondary hemorrhage may be massive and 
is supposedly caused by the digestion of the blood vessel walls by the 
pancreatic secretions. Just how the trypsinogen of the pancreas be- 
comes activated in the absence of a duodenal perforation is not clear. 
Numerous instances of peritonitis following injury to the pancreas have 
been recorded; most of these have fatal outcomes. The peritonitis is 
presumably produced by a decreased resistance of the peritoneum caused 
by the digestive action of the pancreatic secretions, thercbj' paving the 
way for the development of peritonitis, even though the bacterial con- 
tamination produced by injury to infected lymphatics, etc., may be 
trivial. Sinco the pancreas is buried so deeply, injury to other organs, 
including the colon, stomach, etc., is apt to be present and must be 
searched for. 

Clinical Manifestations. The manifestations of injury to the pan- 
creas 1 differ because of the variation in severity of injury includ- 

ing hemorrhage and because of the frequent development of pancreatitis. 
Many injuries appear insignificant for several hours but w ithin a day 
or so manifestations become so pronounced that laparotomy will be 
found necessary. Even when considerable laceration of the body of the 
pancreas is sustained there may be relatively little pain and muscle 
spasm over the upper abdomen during the first few hours following 
injury. One of the most constant symptoms is extreme weakness. This 
weakness may actually represent collapse or an atypical type of shock 
in which the pulse rate may not be significantly elevated. It has been 
suggested that this weakness is caused by injury to the solar plexus. 
Nausea and vomiting may likewise be delayed, but if trauma is signifi- 
cant, these symptoms will almost always be present. Vomiting is occa- 
sionally profuse. After a lapse of several hours following injury, muscle 
spasm usually becomes pronounced. Occasionally actual shock de- 
velops several hours after injury. In other instances it may develop 
suddenly several days later. In this instance secondary hemorrhage 
or rupture of a collection of fluid containing infected pancreatic secre- 
tions is probably the etiological factor in the production of shock. 
Fever is rarely high and develops gradually over a period of a day or 
two. If peritonitis develops, it will obviously be elevated to 103 or 
104° F. and will be accompained by generalized muscle spasm. The 
white count is usually moderately elevated. The determination of blood 
or urine amylase will in most instances be very helpful in making the 
diagnosis of injury to the pancreas, but only if at least a few' hours have 
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elapsed since the injury. Several hours after injury pain develops and 
almost always becomes very severe. It commonly radiates posteriorly 
near the midline. If several days have elapsed since the injury, a mass 
may be palpable in the epigastrium. This mass may represent a mark- 
edly edematous pancreas and adjacent organs, but usually consists of a 
collection of fluid which ultimately may form a pseudocyst. 



Fjo. 95 Blood amylase level in a patient with acute pancreatitis. A l entry, 24 tour* 
after onset of symptoms, the blood amylase is elevated far above normal but returns to 
normal in most instances within 4S hours or shortly thereafter It must lie emphasized 
then that blood amy)a«e determinations will be of value only if performed within -IS hours 
of the onset of symptoms. 


Treatment. The decision as to whether immediate operation H neces- 
sary is determined by the appearance of such important manifestation* 
as pain, muscle spasm, and local tenderness, as Mould be noted in injury 
to any abdominal organ. In general, the indications are practically the 
same as for injury of any intra-abdominal vixens. Obviously, if only a 
contusion is present, operation will not be of any value and may even bo 
harmful. On the other hand, a laceration of the pancreas may result in a 
fatality because of shock, peritonitis, etc., unless the laceration is re- 
paired. Pain may be so severe as to require morphine a* soon as the 
decision for laparotomy is made. If shock is present, the intravenous ad- 
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ministration or glucose or blood will be indicated before operation is 
performed. 

A midlinc incision or a right paramedian incision will be satisfactory 
for exposure of the pancreas. Palpation should first be done in order to 



Fin. 90. Gastrohepatic approach to the pancreas. When there is a moderate amount o/ 
gastroptnsis and the gastrohepatic omentum long and thin, the pancreas enn usually be 
exposed best by incision through the gastrohepatic ligament as illustrated. The celiac 
trunk and branches arc shown but are deep enough to be out of the operative field with the 
exception of the left gastric artery which courses anteriorly to enter the stomach. Care 
must, therefore, be taken lest this artery or the accompanying vein be injured. However, 
since ligation of the left gastric artery docs not jeopardize the blood supply of the stomach, 
this vessel may be ligated if by so doing exposure is facilitated 

determine whether or not there is any induration or edema of the pan- 
creas or w'hether a retroperitoneal hematoma is present. This will give 
the operator an estimate on the extent of damage. Inspection of the 
pancreas is best carried out through the gastrohepatic omentum (Fig. 
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96) or through the gastrocolic omentum (Fig. 97). The choice of ap- 
proach is determined by palpation and inspection. If the pancreas is 
found to be located above the edge of the stomach because of a long 



Fig. 97. Gastrocolic approach to the pancreas. When the gastrohepatic ligament is short 
and fatty the best approach to the pancreas will probably be through the gastrocolic 
omentum. The pancreas is exposed readily by bluntly dissecting through this structure as 
illustrated. The middle colic artery will be encountered and must be gently retracted 
without injury, since ligation of this vessel jeopardizes the hlood supply of the transverse 
colon. The stomach is retracted upward and the colon downward. 

gastrohepatic omentum, the best exposure will be through the gastro- 
hepatic omentum. Usually, however, a more direct approach can be 
made by making a tear in the gastrocolic omentum and enlarging it. A 




Fig. 98. Suture of the pancreas. When a laceration of the pancreas is sustained, it is 
extremely essential that the repair be completed carefully so as to eliminate the possibility 
of a pancreatic fistula. Mattress sutures of the type illustrated will not be as apt to tear 
out as the ordinary interrupted suture. If the tear extends through the entire organ, 
posterior sutures must also be taken. 


mentioned above is preferable. If exposure of the pancreas reveals 
laceration, suture of the lacerated area will be necessary. Because of the 
friability of tissue (Fig. 98), sutures of a mattress type taken fairly 
deeply are usually preferable. Silk or catgut may be used. If many 
sutures are required, silk may have a significant disadvantage since 
prolonged drainage following operation usually takes place. 
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Naturally, all bleeding points should be controlled. Frequently, it 
will be impossible actually to grasp these bleeding points with an artery 
forceps because of the friable tissue unless a larger artery is the source 
of bleeding. The splenic vein which lies against the posterior border of 
the pancreas or in the body of the organ may be torn. If this injury has 
been sustained, a large hematoma will be present. By this time the vein 
itself will probably be thrombosed; if not, it will still be bleeding and 
will require ligation. Ligation of the splenic vein should not require 
splenectomy unless it is done near the hilus, but the spleen should be 
watched for rapid increase in size immediately following ligation. If 
there is any question about an adequate flow of blood from the spleen, 
splenectomy may be indicated because of the danger of spontaneous 
rupture of the spleen post operatively. If possible, the pancreas should 
be rolled anteriorly so as to put sutures also on the posterior surface if 
the laceration extends through the entire organ. Careful search must be 
made for injury to other organs. After the local injury has been repaired 
the wound is closed but a large soft rubber dam or Penrose drain should 
be placed down to the surface of the pancreas. If a moderate amount 
of oozing still remains, it may be wise to place oxydized gauze or fibrin 
foam over the bleeding area. Although the main duct may be torn it will 
rarely be possible to find the two ends and suture them. Reestablishment 
of continuity is of course not necessary, but ligation of the distal end 
is highly desirable to prevent fistula formation. 

One of the most important features in the postoperative care is to 
give the patient no food by mouth for at least two or three days, because 
food will tend to increase the likelihood of peritonitis and local digestion 
through stimulation of secretions. An adequate amount of intravenous 
glucose (3,000 cc. of a 5 or 10 per cent solution) will be necessary. The 
insertion of a Wangensteen tube with drainage of gastric content to the 
exterior may lessen the possibility of development of peritonitis. Trans- 
fusion should be given if indicated, depending upon the pulse rate and 
other manifestations of shock. 

There is a tendency for a pancreatic fistula to develop following repair 
of an extensive laceration of the pancreas. However, the digestion of the 
skin and wound edges is never as severe as it is in the presence of a duo- 
denal fistula since the trypsinogen is not activated. Frequent dressings 
will minimize the irritation of the skin. Numerous measures have been 
recommended to control skin irritation. Potter 7 recommends the appli- 
cation of compresses soaked in tenth normal hydrochloric acid and con- 
centrated beef extract mixed with olive oil. Liquid latex has been 
recommended, but at least in Smith’s 4 experience was not satisfactory 
because of the difficulty in preventing secretions from undermining the 
latex. When the digestion is only slight, the application of zinc oxide 
ointment along with frequent change of dressings will probably be suf- 



THE PANCREAS 


251 


ficient to control the irritation although powdered aluminum is much 
more effective. In severe cases continuous suction of the secretions from 
the depths of the wound may be the only effective procedure. Fistulae 
may drain a variable length of time, only a few remaining as permanent. 
In such instances they may be transplanted into the duodenum or je- 
junum. Occasionally, the fistula will close but a cyst will form and will 
require treatment later. 

Occasionally glycosuria will develop after the accident. It is quite cer- 
tain, however, that this complication will occur only in the severe cases 
or in instances in which the pancreas was largely destroyed after the 
trauma by scar tissue. 

As previously mentioned pseudocysts may develop following injury 
to the pancreas. It is, of course, possible for actual retention cysts lined 
with epithelium to develop if the trauma results in obstruction of some 
of the smaller ducts near the periphery. In a study of forty-eight cases 
reviewed from the literature, Honigmann® noted that the interval inter- 
vening between the accident and appearance of the cyst was extremely 
variable, but that most of the cysts develop between three weeks and six 
months following the accident. 

Acute Pancreatitis 

Because of the lack of agreement as to whether or not acute pancrea- 
titis constitutes a condition for immediate operation, there would nat- 
urally be lack of agreement as to whether or not acute pancreatitis 
should be considered in urgent surgery of the pancreas. However, it is a 
well known fact that it is extremely difficult to make the correct diag- 
nosis in acute pancreatitis particularly in differentiation from such le- 
sions as a perforated ulcer and a perforated gallbladder. In such circum- 
stances the surgeon will be forced perhaps into performing a laparotomy, 
and upon finding the condition to be caused by acute pancreatitis must 
treat this lesion instead. 

Although gallbladder disease is an extremely important factor in the 
development of acute pancreatitis, the latter is much less common even 
than acute cholecystitis. During a two-year period in the author’s ex- 
perience at Illinois Research Hospital 9.5 per cent of the patients with 
cholecystitis had also acute pancreatitis, as proved by amylase readings, 
operative findings, etc. This is, of course, remarkably high and presum- 
ably a coincidence; in the two-year period following this interval the in- 
cidence dropped to 2 or 3 per cent. The incidence of 3.7 per cent of 
acute pancreatitis as noted by Heyd* in 557 gallbladder operations 
would appear to be a more accurate average of the incidence of acute 
pancreatitis in gallbladder disease. 

Pathogenesis. A consideration of acute pancreatitis is not accurate 
unless differentiation is made between the two types, namely, acute 
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edematous (interstitial) pancreatitis, and acute necrotic or hemorrhagic 
pancreatitis. As the two names imply, the primary pathologic feature of 
the former is edema and of the latter, necrosis and hemorrhage. The 
necessity of discriminating between the two types of pancreatitis has 
been emphasized particularly by Elman. i0 In either case the gland will 
be indurated, enlarged and hyperemic. Fat necrosis may be found in 
either case but is slightly more common in the necrotic or hemorrhagic 
type. It is very possible that the two conditions merely represent stages 
in the same process. The theory of reflux of bile as a primary etiological 
factor was originated by Claude Bernard in 1856. Archibald 11 added the 
theory that spasm of the sphincter of Oddi might aid in the reflux of 
bile. The production of a communication of the common bile duct with 
the pancreatic duct as a closed channel produced by the deposit of a 
stone at the ampulla was demonstrated by Opie. u There are numerous 
investigators, however, who believe that reflux of bile is not the im- 
portant mechanism in the production of acute pancreatitis. Rich” con- 
tends that metaplasia of intraductal cells may produce obstruction of 
the ducts with subsequent rupture and escape of pancreatic juice into 
the parenchyma of the gland. Extensive work on the pathogenesis has 
been reported by Wangensteen 1 * and associates, Drags ted t ls and asso- 
ciates, and others. An important differentiating feature in the pathology 
of acute edematous and acute hemorrhagic pancreatitis lies in the ob- 
servation that obstruction of the duct alone (even without reflux of 
bile) may be capable of giving rise to the acute edematous type. It 
seems probable that the necrotic or hemorrhagic type is dependent upon 
activation of trypsin for the degenerative action, which may be so 
extensive as to involve the walls of blood vessels with consequent hemor- 
rhage. One of the most difficult processes to explain is the activation of 
trypsinogen in the absence of duodenal secretions. It has been suggested 
that in some cases bile may be responsible for this activation, or that 
calcium and other products in the tissue juices may produce it, or even 
that the pancreas may secrete trypsin in an activated form under certain 
abnormal conditions. 

Attention has already been called to the fact that acute pancreatitis 
may be secondary' to trauma. More commonly, however, it is secondary 
to other factors, the most important of which is gallbladder disease. 
Acute pancreatitis is accompanied by gallbladder disease in SO to 00 
per cent of cases. Gallstones are usually present as a part of the cho- 
lecystic lesion. 

Clinical Manifestations. The manifestations of the two types of 
pancreatitis are quite similar except in severity of symptoms. In the 
acute edematous type, the patient is seized rather suddenly with pain 
in tlic epigastrium which radiates to the right or left of the midline and 
usually posteriorly, particularly toward the vertebral column or to its 
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left. Nausea and vomiting are variable but usually are not present to a 
very significant degree. The temperature ordinarily is normal but may 
be elevated. Examination will reveal tenderness with a moderate amount 
of muscle spasm in the midline, extending to the right as well as to the 
left. A moderate leukocytosis is usually present. If the patient is seen 
early, that is within the first twenty-four or forty-eight hours, diagnosis 
can be made almost invariably by the amylase test, as popularized 
by Elman 17 and modified by Somogyi . 18 

The manifestations of acute hemorrhagic or necrotic pancreatitis are 
more fulminating and dramatic than those mentioned above. Commonly 
the pain comes on suddenly following a full meal. This pain is located in 
the epigastrium and extends from the right or left and radiates pos- 
teriorly. Fever may or may not be present. In a study of twenty-six 
cases, Fallis and Plain 1 ® noted a temperature below 100° F. in slightly 
over half of the cases. This group apparently includes, however, both 
the edematous and hemorrhagic types. A rise in pulse rate will be present 
in the more severe cases. Occasionally, the temperature may be sub- 
normal and signs of shock noted. However, 'Wangensteen, 19 Fallis and 
Plain, and others have called attention to the fact that even in acute 
hemorrhagic pancreatitis actual shock is rarely present. In the severe 
cases mild jaundice will be present in about 25 to 50 per cent. The 
jaundice is presumably secondary to obstruction of the duct by the 
indurated pancreas. However, the fact that it is always mild (except in 
the presence of common duct stones which rarely complicate acute 
pancreatitis) would point to the possibility that other factors such as 
hepatitis, hemorrhage, etc., might be responsible for the jaundice. A rise 
in blood sugar will also be noted in the fulminating cases. This usually is 
a poor prognostic sign. However, mild jaundice and elevation of blood 
sugar were recently observed by the writer in a patient who had typical 
symptoms of moderately severe, acute pancreatitis which was treated 
conservatively and the patient operated upon two weeks later. At opera- 
tion an indurated pancreas was found along with gallstones, but there 
was no evidence that any hemorrhage had occurred. If the case was 
originally one of acute hemorrhagic pancreatitis, the hemorrhage had 
absorbed to the point where it could not be identified in any residual 
form. 

As stated previously, at operation an indurated, edematous pancreas 
will be found in the acute interstitial type; in the acute hemorrhagic 
type extravasation of blood throughout the pancreas will be noted. 
There may be considerable blood in the lesser peritoneal cavity and 
surrounding the pancreas. In the hemorrhagic type there is commonly a 
small amount of blood-stained fluid in the peritoneal cavity. In over 
half the instances this fluid will be negative on culture. It was originally 
thought that absorption of this fluid was responsible for the toxic symp- 
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toms in acute hemorrhagic pancreatitis. However, as long ago as 1913, 
Whipple noted that injection of the fluid into the veins and peritoneal 
cavity of animals was innocuous. These results have been confirmed re- 
cently in our clinic by Ircneus. 

Treatment. It is generally agreed that the treatment of the acute 
edematous (interstitial) type of pancreatitis should be nonoperative 
during the acute attack. Since there is no significant destruction of the 
pancreas, and since recovery takes place fairly rapidly, the institution 
of conservative treatment is strongly indicated. Since most of the 
patients with acute edematous pancreatitis have gallbladder disease, it 
is important that the cholecystitis be treated in order to prevent recur- 
rence of the acute pancreatitis. When the acute attack has subsided, 
cholecystograms and other examinations for the determination of 
possible presence of cholecystitis should be performed. If gallbladder 
disease is found, it is advisable to subject the patient to the same opera- 
tive therapy that would be indicated in a patient with cholecystitis 
alone. If acute interstitial pancreatitis is encountered accidentally in an 
undiagnosed patient who was operated upon for a so-called “surgical 
abdomen,” the judgment of the operator in analyzing the patient's con- 
dition will determine the procedure to be followed. In general, if gall- 
bladder disease exists, cholecystectomy or cholecystostomy will be in- 
dicated. This problem is di«cussed in more detail later. 

In acute hemorrhagic pancreatitis there is a pronounced difference 
of opinion as to whether or not immediate operation should be per- 
formed. Eminent authorities including Eggcrs/ 0 Wolfcr 21 ICorte, 22 Mc- 
Whorter , !J Jones/ 1 and others are in favor of an immediate operation. 
On the other hand, equally eminent authorities including Wangensteen/* 
Smead/* Mikkelsen/ 6 Hagyard/ 7 Abell/’ Itapant/ 9 Demel/ 0 Xord- 
raann/ 1 and others prefer to treat hemorrhagic pancreatitis conserva- 
tively, provided differentiation from perforation of a peptic ulcer or of 
the gallbladder can be made. B3' utilizing the nonoperative principle 
Nordmann was able to reduce his mortnlit}' from 50 to 25 per cent in 
acute pancreatic necrosis. Schmieden/ 2 who favors conservative medical 
treatment onlj' when there is no doubt ns to diagnosis has re-emphasized 
the point, as have Abell and others, that the pancreas must not be 
inched or torn in an attempt to drain it, as was commonly advised years 
ago. It is definitely true, however, that during the past few’ years, there 
has been a trend toward the conservative treatment during the acute 
attack. The writer agrees with this attitude. However, the surgeon may 
be driven to emergency operation regardless of his ideas concerning the 
treatment of acute hemorrhagic pancreatitis, because of the inability to 
make the correct differential diagnosis. It is quite true that the clinical 
picture of patients suffering from acute hemorrhagic pancreatitis is very' 
similar to that presented by patients with perforated peptic ulcers, per- 
forated gallbladder, etc. 
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As an aid in making this correct differential diagnosis numerous ob- 
servers, including Elman, 17 McCaughan, 33 Mushin,* 4 Foged, 35 Wilde- 
gans, 36 and others have found the amylase test to be important. Since 
the time required to perform a blood amylase test is not over two or 
three hours, it may be performed while operative treatment for the acute 
condition is being considered. It must be emphasized, however, that the 
amylase test is of chief value during the first twenty-four or thirty-six 
hours; in most instances there is a drop in the amylase level to normal 
after this period. Undoubtedly, many patients with acute hemorrhagic 
pancreatitis will succumb regardless of what method of treatment is 
utilized. Wildegans has called attention to the value of the blood sugar 
determinations in estimating prognosis, and remarks that if the blood 
sugar is above 300 a fatal outcome will usually ensue. 

Preoperative Treatment. While the patient is being observed and 
an attempt is being made to decide whether or not conservative or im- 
mediate operative treatment is advisable, certain therapeutic proce- 
dures should be instituted. If more than a few hours have elapsed since 
onset of the attack and if vomiting has taken place, dehydration will 
most certainly be present. Only in the very severe cases will actual shock 
be noted. In either case administration of fluids will be indicated. Al- 
though the patient may be complaining of considerable pain, it will 
usually be unwise to give the patient morphine until the final decision 
is arrived at regarding conservative or operative care. The application 
of a hot water bottle or an ice bag to the epigastrium may to some ex- 
tent relieve the patient. The application of an ice bag is detrimental in- 
sofar as at times it increases rigidity or, more accurately, decreases 
relaxation on the part of the patient. 

The administration of 1,000 to 1,500 cc. of 5 or 10 per cent glucose 
will be indicated. Winslow 37 has recently shown 98 per cent of a 5 per cent 
solution of glucose will be utilized if it is given no faster than 400 to 
500 cc. per hour. If the patient has been vomiting considerably, it will 
be advisable to give Ringer’s or Hartmann’s solution with the glucose 
in order to maintain the proper chloride balance. If this is done, 5 per 
cent glucose should be used because administration of Ringer’s or Hart- 
mann’s solution with 10 per cent glucose would result in a hypertonic 
solution. In rare instances, if shock has developed, a transfusion will be 
indicated. It is important that the patient is not given food of any type 
because of the stimulation of secretions of the pancreas and other secre- 
tions. This order of “nothing by mouth” should be maintained for two 
or three days or during the time when the manifestations are still acute. 
It has even been advised that the stomach contents be aspirated to de- 
crease the stimulus toward pancreatic secretions as much as possible, 
on the basis that the presence of gastric secretions may stimulate pan- 
creatic secretions. 

Operative Treatment. Under no circumstances should operation be 
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performed -while the patient is in a state of dehydration or in shock. A 
high paramedian incision on the right side will usually be found to be 
most adaptable regardless of the t3-pe of therapy contemplated. This 
would expose the upper part of the abdomen and allow the surgeon to 
inspect it for such lesions as perforated peptic ulcer, perforation of the 
gallbladder, etc. If the surgeon is positive that the lesion responsible for 
the emergency is located in the epigastrium and chiefly in the pancreas, 
a transverse incision might be more adaptable than a longitudinal one. 
However, the difficulty in establishing an accurate diagnosis usually 
makes a paramedian incision preferable. 

If the gallbladder, stomach and duodenum are normal and superficial 
exploration of the rest of the abdominal cavity is likewise negative, the 
pancreas is then inspected. Accessibility of the pancreas to inspection, 
etc., is dependent to a great extent upon the amount of fat in the gastro- 
hepatic and gastrocolic omentum, etc. The pancreas should first be pal- 
pated to determine if the organ is enlarged or indurated, likewise the 
area surrounding the pancreas should be inspected for the presence of 
fat necrosis. Operative approach to the pancreas may be obtained by 
one of three methods: (1) through the gastrohepatic omentum (Fig. 90), 
(2) through the gastrocolic omentum (Fig. 97), and (3) through the 
mesocolon. As stated previously, exposure of the pancreas will usually 
be attained more readily by making a small opening in the gastrocolic 
omentum and dissecting downward toward the body of the pancreas. 
On certain occasions the gastrohepatic omentum will be so long that 
exposure will most readily be attained by incision through the gastro- 
hepatic omentum. If this method of exposure is chosen, care must be 
taken to avoid the left gastric artery and vein, which ordinarily are 
located far enough to the left to be avoided with ease. Palpation of the 
pancreas -will readily inform the surgeon as to which of these two ap- 
proaches will be preferable. Incision through the mesocolon will rarely 
be advisable because of danger of injury to the middle colic artery or its 
important tributaries. 

There is a. marked difference of opinion as to the type of operative 
procedure advisable in the presence of acute hemorrhagic pancreatitis. 
Originally, it was thought advisable to split the surface of the pancreas 
so that the necrotic contents might drain externally more readily. How- 
ever, this procedure has been abandoned because the pancreas is di- 
vided into lobules by fibrous tissue, thereby preventing drainage of the 
entire organ; perhaps a more important argument against incising the 
pancreas lies in the danger of injury to the splenic vein. Four major 
procedures may be utilized in the surgical treatment of acute pancrea- 
titis: 

1. The operative work on the pancreas itself should be confined to 
simple drainage of the area about the organ, which can be enhanced by 
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the insertion of soft rubber drain down to this area. The drains should 
be inserted in such a way that the lesser peritoneal cavity can also 
drain externally. If this is accomplished, the possible development of an 
abscess in the lesser peritoneal cavity will be eliminated. 

2. In addition to simple drainage of the pancreas, as noted above, 
cholecystostomy is advised by many surgeons in the treatment of acute 
hemorrhagic pancreatitis. The object of cholecystostomy is to decom- 
press the biliary tract and eliminate any increased tension within the bile 
tract. One of the disadvantages of cholecystostomy lies in the fact that 
although this procedure may result in relief from the attack, recurrence 
is apt to take place. 

3. Cholecystectomy is advised by some surgeons but should not be 
performed if the patient is in a critical condition. The advantage of 
cholecystectomy lies in the fact that the primary common cause of 
pancreatitis is eliminated. 

4. Choledochostomy will be indicated if stones arc felt in the common 
duct. Even though no stones are palpable in the duct, choledochostomy 
and insertion of a T tube in the common duct may be indicated, particu- 
larly if jaundice is present. If jaundice is present without stones in the 
common duct, obstruction of the terminal end of the common duct by 
the edematous pancreas would appear to be the most likely causative 
factor. Since the edema subsides relatively slowly, there must be a good 
theoretical reason for performance of a choledochostomy. As a matter of 
fact, actual obstruction of the common duct to a degree sufficient in 
itself (i.e., incident to the edematous pancreas alone) to warrant cho- 
ledochostomy is relatively infrequent. 

In summarizing the treatment of acute pancreatitis, it may be stated 
that there is practically complete agreement in the conservative treat- 
ment of the acute edematous type, and that after the acute attack has 
subsided, the bile tract disease, if present, should be treated by the usual 
operative procedures. During the past few years there is a growing tend- 
ency to treat acute hemorrhagic pancreatitis in the same way, al- 
though some surgeons are still of the opinion that immediate operation 
is indicated. It must be realized, however, that frequently a correct 
differential diagnosis between perforated ulcer, perforated gallbladder, 
etc., cannot be made and immediate operation will, therefore, be neces- 
sary. A blood or urine amylase determination will be of great diagnostic 
value particularly if the patient is seen during the first twenty-four or 
forty-eight hours of his disease. If operation is performed, any one of the 
four major procedures described or a combination of them may be re- 
sorted to as indicated. One of the most important considerations in the 
operative treatment is the fact that whatever type of operation is 
chosen, it should not be so radical as to jeopardize the patient's physical 
condition. At no time should the parenchyma of the pancreas be split 
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case there mil rarely be difficulty in arriving at the correct diagnosis. 
The history should reveal the presence of a mass in the upper abdomen 
of several months’ duration, with the development of manifestations of 
obstruction appearing suddenly or perhaps gradually because of the de- 
velopment first of a partial obstruction. The manifestations consisting 
primarily of cramping abdominal pain, nausea, vomiting, etc., will vary 
depending upon the location of the obstruction and its degree. Since they 
will differ very little, if any, from the usual manifestations of intestinal 
obstruction, which is presented elswhere, they will not be discussed in 
detail here. 

The treatment of intestinal obstruction complicating pancreatic cyst 
may differ considerably from that of ordinary intestinal obstruction. 
The indications for the administration of fluids and electrolytes and the 
institution of Wangensteen suction will, of course, he the same. It is 
particularly important to endeavor to decompress the patient and re- 
lieve the obstruction because operation in the presence of obstruction 
and the cyst would be associated with a higher mortality than with 
cyst alone. If relief from the obstruction is attained by conservative 
therapy (i.e., Wangensteen suction, etc.) there is even a stronger in- 
dication for laparotomy than in intestinal obstruction associated only 
with inflammation and adhesions, because of the greater likelihood for 
additional attacks to develop. Therefore, as soon as the patient has re- 
covered from the obstruction and has been on at least a moderate food 
intake for a few days, laparotomy should be performed. The incision 
should perhaps be made directly over the mass, assuming that the in- 
testinal obstruction is related to it. If the obstruction has been produced 
by adhesive bands, as is usually the case, they should be severed. How- 
ever, if the patient has recovered from the acute effects of the ob- 
struction, the cyst may be treated in the normal way which in most in- 
stances will consist of marsupialization. Although it is conceivable that 
the pressure of a large cyst on the mesentery of certain loops of intestines 
may result in torsion with consequent obstruction, the block will usually 
be secondary to adhesive bands and a thorough search should be made 
for them. 

If the obstruction does not respond to Wangensteen suction, it may 
be necessary to resort to an immediate laparotomy after a few hours' 
trial with suction. Rarelj’ will the delay incident to a few hours’ suction 
be damaging, since the process of restoring fluid and electrolytic balance 
will consume this amount of time anyway. 

Obstruction of the Common Duct. Production of obstruction of 
tliis type, secondary to pancreatic cyst, would appear to be very im- 
probable. Nevertheless, numerous case reports may be found in the 
medical literature (Judd and Olson”, D’allaines and Malgras , 40 and 
others). Presumably, growth of the cyst extends far enough to the right 
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actually to compress it; on other occasions tension on adhesions ad- 
jacent to the common duct may produce obstruction by kinking. Obvi- 
ously, the development of jaundice in the presence of a mass in the upper 
abdomen might have several explanations such as a metastascs from a 
malignant tumor, splenomegalia, absorption from an intraperitoneal 
hematoma, obstruction of the common duct by stone, etc. Since the 
patient will rarely be acutely ill when the jaundice first develops, there 
will be an opportunity to seek diagnostic aid from numerous laboratory 
measures such as cholecystography, liver function tests, etc. Regardless 
as to whether or not a definite diagnosis can be made, laparotomy will be 
indicated unless the jaundice shows evidence of lessening within a few 
days. Thorough exploration of various organs (including liver, spleen, 
common duct, as well as the cystic mass) at operation should lead to the 
correct diagnosis. Treatment will be dependent upon the lesion produc- 
ing the obstruction. 

In Judd and Olson’s case the jaundice was apparently produced by 
pressure of the cyst and was relieved by marsupialization of the cyst. 
Ten days later a secondary operation, consisting of drainage of infection 
within the cyst was necessary, but recovery was ultimately satisfactory. 
The complication of infection in this case was coincidental and would 
be no more likely to develop than in drainage of an uncomplicated pan- 
creatic cyst. 

Infected Pancreatic Cysts. Because of the proximity of pancre- 
atic cysts to numerous sources of infection such as lymphatics from the 
intestinal tract, cholecystitis, hepatitis, etc., infection of the contents of 
a pancreatic cyst might appear to be a relatively frequent complication. 
Judging from the paucity of reports in the medical literature, however, 
such a complication is quite rare. In a case reported by Cuny 41 the 
symptoms incident to the infection developed rapidly. However, in a 
patient observed by the writer, the manifestations of the infection, con- 
sisting of a low grade fever, anorexia, slight weakness, etc., developed 
insidiously. It is true, however, that when these manifestations of infec- 
tion were first noted by the patient she simultaneously noted a rapid 
enlargement of the mass which had been present for several weeks in 
the upper part of her abdomen. A moderate leukocytosis was present 
upon admission which was a few weeks after development of the symp- 
toms produced by the infection. This particular patient was treated by 
marsupialization; recovery was uneventful after several weeks' drainage. 

Differential diagnosis in an infected cyst may be extremely difficult. 
Since infected pancreatic cysts are quite rare, numerous diagnoses must 
be ruled out. One of the most important of these is an infected hydrone- 
phrosis. Frequent urine examination, pyelography and careful exami- 
nation posteriorly over the region of the kidney will almost certainly 
rule out this important and likely explanation of the patient's com- 
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plaints. The development of an abscess about a perforated ulcer must 
be considered from the differential standpoint. However, since the 
sequence of events following a perforation of an ulcer is so dramatic, 
there will rarely be difficulty in ruling out this condition if a careful 
history is taken. Occasionally, large colloid carcinomas of the stomach 
become infiltrated with infection and may simulate an infected pancre- 
atic cyst. A correct diagnosis of infected cyst can be made relatively 
easily if the patient presents the history of a mass in the upper abdomen 
of several weeks’ or months’ duration with sudden enlargement simul- 
taneously with the development of the usual systemic signs of infection. 
Definite though mild tenderness was present in the case observed by 
the writer and presumably should be present in all cases. The type and 
virulence of the organism present will naturally determine to a great 
extent the intensity of the manifestations of infection. 

Treatment consists of drainage of the cyst (Fig. 99) as soon as a reason- 
ably accurate diagnosis can be made, particularly as related to exclusion 
of the possibility of infected hydronephrosis. An incision should be made 
directly over the mass, splitting the rectus muscle if possible to facilitate 
drainage. If the mass is not adherent to the anterior parietal peritoneum, 
a thorough exploration of the mass will be possible. However, since an 
infection is suspected, all manipulations incident to the exploration 
should be unusually gentle, lest the infection be spread past the confines 
of the cyst. An accurate diagnosis will probably not be possible without 
aspiration. However, before this is done, the area surrounding the site 
of puncture should be protected by gauze packs and a small caliber 
needle used. Turbid fluid should not dogmatically be considered infected 
because the contents of many cysts (rareb' in pancreatic cysts, however) 
arc turbid because of the presence of cholesterol. Fluid which is turbid 
because of the presence of cholesterol will shimmer when held up to the 
light in a test tube- Microscopical examination will prove or disprove 
the presence of pus cells. If pus is found, the needle should be carefully 
withdrawn, the site of puncture painted with iodine and compressed 
with a piece of gauze to prevent leakage. The peritoneum should lie 
closed at each end and the edges anchored to the wall of the cyst (Fig. 
99), so that the peritoneal cavity will not be contaminated when the 
cyst is opened. The cyst should then be opened and the contents evacu- 
ated. After closure of the anterior rectus sheath and skin, the cyst should 
be packed loo-cly with idoform gauze. Because of the presence of infec- 
tion the opening of the site of the marsupialization should be large, 
measuring at least 4 or 5 cm. long. Drainage from the cyst should not 
persist any longer than following marsupialization of an uninfected cyst. 

Rupture of Cyst. Rupture of pancreatic p=eudocvsts occurs but is 
extremely rare. Contrary to expectation, the perforation usually occur* 
spontaneously and is rarely produced by trauma. Reports of this con- 



Tim PANCREAS 


263 


dition are very scarce in the medical literature. In a study of six cases 
recently made by Koucfcy, Beck and Todd, 4? they noted that the mani- 
festations (severe pain, tenderness, rebound tenderness, rigidity, etc.) 
were similar to those of perforated peptic ulcer except that true surgical 



Tio. 99. Management of a pancreatic cy&t. When draining an infected pancreatic cjst, 
it is essential tn make the incision directly over the cyst so as to facilitate drainage as much 
as possible. In most instances a left rectus incision, as illustrated in A, splitting the muscle, 
will probably be most satisfactory. Before incising the cyst, its wall should be anchored 
to the peritoneal edge as in B, so as to prevent soiling of the peritoneal cavity. After 
evacuation of the contents, the cyst is packed with gauze as shoun m C, thereby utilizing 
the principle of marsupialization. 


shock was encountered in some of them. A correct preoperative diagnosis 
will not be possible unless the history of a definite mass in the position of 
a pancreatic cyst, with its disappearance following development of 
symptoms, is obtainable. The manifestations should, however, lead to 
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the diagnosis of a perforated viscus or acute peritonitis due to other 
causes, thereby furnishing the justifiable indications for operation. In 
two of the cases studied by Koucky, Beck and Todd, blood was taken 
at the time of operation for blood amylase determination; in each in- 
stance the level was elevated. At operation, the cyst should be mar- 
supialized, preferably through the perforated area. If the perforation 
is located posteriorly where it cannot be brought up for marsupializa- 
tion, devitalized tissue at the point of perforation should be excised, the 
opening closed by suture, and another opening made on the anterior 
surface for marsupialization. Intravenous glucose and transfusions are 
important in the preoperative as well as postoperative care. 

Miscellaneous Lesions of the Pancreas 

There are two lesions of the pancreas which are occasionally associated 
with hemorrhage: (I) Acute hemorrhagic pancreatitis and (2) carcinoma 
of the pancreas. The former has already been discussed. Hemorrhage 
associated with carcinoma of the pancreas is due to deficiency of vitamin 
K, as recently demonstrated by' Dam," Quick," Snell" and others, but 
rarely develops except as a postoperative complication. Any' time during 
the several days following operation (usually between the third and sixth 
day's) bleeding from the wound may develop. Such hemorrhage may be 
from the wound edge or from an intra-abdominal source. In either case, 
the possibility of finding a single large vessel is quite small. A secondary 
operation consisting of opening the w ound is, therefore, rarely indicated. 
The immediate administration of vitamin K and a transfusion is the 
treatment of choice. If the patient were jaundiced before operation the 
prothrombin clotting time should have been determined preoperatively 
and any delay in it corrected by vitamin K before submitting the patient 
to operation. It now appears that the administration of vitamin K over 
a period of four or live days preoperatively will absolutely prevent 
secondary' hemorrhage if it is caused by vitamin K deficiency. If vitamin 
K has not been given preoperatively and hemorrhage develops, the 
vitamin (in soluble form) may be given intravenously or subcutaneously, 
preferably the former. By this procedure a delayed prothrombin clotting 
time can be corrected within an hour or two; hemorrhage should also 
cease within that time unless the bleeding is due to another cause such 
as incomplete hemostasis. 

On rare occasions intestinal obstruction may be secondary to lesions 
about the pancreas. Obstruction associated with pancreatic cyst has 
already been discussed. As stated previously, the formation of adhesions 
subsequent to acute pancreatitis may be sufficiently pronounced as to 
produce obstruction, but only on rare occasions indeed. In the terminal 
stage of carcinoma of the pancreas, when metastases have disseminated 
throughout the peritoneal cavity', intestinal obstruction may' be pro- 
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duced by the infiltrating metastatic areas. Such a complication occurs so 
late, however, that the patient is apt to be in a condition considered 
hopeless. Commonly, exploratory laparotomy has already been per- 
formed and the hopelessness of the situation known. If the patient is not 
in a precarious condition, laparotomy to correct the intestinal obstruc- 
tion may be necessary. Conforming to the principles outlined elsewhere, 
preliminary treatment with Wangensteen suction may be advisable. 

Carcinoma of the head of the pancreas results in obstruction of 
the common duct with consequent dilatation of the duct. It would ap- 
pear then that rupture of the common duct with subsequent develop- 
ment of mild peritonitis might take place. Rupture of the duct through 
the wall not invaded with carcinoma rarely takes place, although the 
writer recently observed a patient with an abscess located just to the 
right of the duodenum, and presumably due to a perforation of the 
common bile duct secondary to a carcinoma of the ampulla of Vater; 
the tumor was resected at a later date after the infection had cleared. 
On extremely rare occasions when the carcinoma has spread up along 
the common duct, perforation may take place through an area in- 
vaded by the tumor. If such a perforation should develop, signs of 
peritonitis varying markedly in degree will manifest themselves. Mani- 
festations including pain in the upper abdomen, nausea and vomiting, 
tenderness, muscle spasm, etc., will develop and may lead one to a de- 
cision to operate. If such a condition is found at operation, very little 
can be done to remedy the situation. If the gallbladder is not very badly 
diseased and the cystic duct appears potent as well as proximal to the 
tumor, the common duct may be ligated above and below the perfora- 
tion, if possible, and anastomosis made between the gallbladder and 
pylorus or duodenum. If the gallbladder cannot be used for establishing 
an anastomosis, the other alternative would be to anastomose the free 
end of the common hepatic duct to the pylorus or duodenum. If the 
patient is in a critical condition, nothing may be indicated except estab- 
lishment of drainage of the bile to the exterior. 

During recent years adenoma of the pancreas with production of 
hypoglycemia has attracted considerable attention, chiefly because the 
symptoms of hypoglycemia are so dramatic. Obviously, when the symp- 
toms have progressed to the point at which coma and convulsions are 
present, something urgent must be done. However, since administration 
of intravenous glucose is so effective in restoring the patient’s conscious- 
ness and normal mental balance, this is naturally the procedure of 
choice. Operation should be postponed until the hypoglycemia is under 
control and until the patient’s physical condition justifies laparotomy 
for search of the adenoma. 
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because it contains the common duct, the hepatic artery with its 
branches, the cystic artery and the portal vein. 

Size and Form. The liver is the largest riscus of the human body with 
an average weight between 1,500 and 1,700 grams this means one- 



J'ig IOO. Position of the liver in relation to the neighboring organs 

fortieth to one-thirty fifth of the adult body weight. The size of the 
liver varies considerably under different conditions. The reason for this 
variation in size is due not only to the stasis of blood and venous con- 
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gestion in the case of a failure in the right portion of heart and not only 
to the stasis of bile in the case of an obstruction of the common duct, 
but even more frequently to an acute fleeting edema. 

This edema must sometimes be considered as a collateral edema in 
the case of an acute inflammation of the gallbladder, in other cases as 
a form of allergic edema during digestion when there exists an intoler- 
ance to food and in still other cases as the first symptom of an acute 
hepatitis. 

The size of the liver diminishes sometimes under our hands during 



Fig. 101. Ligaments of the liver. 

(After Toldt) 

the operation. This most important fact, which we shall mention later, 
must also be considered when discussing the surgical anatomy. 

While these three factors determine a transitory change in the size of 
the liver, an increasing or shrinking of the fibrous tissue causes a rather 
permanent change in its size. 

Changes in the form of the liver are also due to so-called plasticity, 
so that the surrounding organs may have a moulding influence. 

Flattening or relaxation of the diaphragm can transform the con- 
vexity. This can be proved when injecting air into the abdominal cavity 
and x-raying the patient. It can be seen that the air collects between the 
diaphragm and liver and that the superior convex surface can be flat- 
tened to such a degree that the organ becomes triangular in shape. 

A tumor of the gallbladder may change the formerly shallow form of 
the liver bed. The Tight upper pole of the kidney may cause an impres- 
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sion. Also the so-called hepatoptosis is not really a ptosis but rather a 
transformed and elongated form. The moulding influence during the 
fashion of lacing was well known in former times. 

Topography of the Biliary System (Fig. 102) 

We distinguish between the intrahepatic and extrahcpatic bile ducts. 
The intrahepatic bile ducts begin as so-called bile capillaries, which are 



Fig. 102. Blood vessels and lymphatics ol the gallbladder and liver. 


mere spaces between the liver cells without any special wall. This fact is 
important because we cannot speak of a real cholangeitis, meaning that 
the smallest bile ducts are infected. 
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An infectious process in the bile capillaries must always be considered 
as involving the liver cells, as a parenchymatous hepatitis. The junction, 
where these intercellular bile spaces become real capillaries with a wall, 
is a favorite place for inflammatory reaction. 

The bile from these small ducts empties into the interlobular ducts 
and finally into two main right and left intrahepatic ducts. They unite 
into the extrahepatic common duct, generally called the hepatic duct, 
bearing this name until it joins with the cystic duct. From this junc- 
tion downward the common duct is usually called ductus choledochus or 
the common bile duct. The gallbladder connected by the cystic duct 
with the common bile duct must be considered as an overflow reservoir 
which fills when the sphincter muscle on the papilla is temporarily 
closed. This is especially the case during fasting. The gallbladder empties 
through the cystic duct when, after a big meal, the sphincter muscle 
relaxes. 

The position of the gallbladder can be defined on the surface as the 
place where the lateral border of the right rectus muscle reaches the 
costal arch. (This place is approximately the junction of the tenth and 
ninth cartilage.) It is in the average person situated two to three inches 
to the Tight from the median line. The fundus of the gallbladder is, when 
protruding from the lower border of the liver (which is the case in 55 per 
cent according to Gilbert and Partourier), in contact with the perito- 
neum of the abdominal wall. 

We distinguish in the gallbladder fundus, the body and the neck. The 
body of the bladder is directed anteriorly, downward, to the right. The 
direction of the neck is to the left, upward to the porta hepatis. 

The normal length of the gallbladder is about three to four inches; 
the average content about 50 cc. ; but the size of the gallbladder varies 
considerably through pathological processes. The body of the bladder is 
in the majority of cases fixed and imbedded in the liver bed. The part 
protruding beyond the lower surface of the liver bed is covered with 
peritoneum, whereas the part closely connected with the very liver pa- 
renchyma in the liver bed is covered with fibrous tissue only. When 
removing the bladder, a wounded region of varying size remains in the 
liver where the liver tissue lacks any covering. 

The fixation of the gallbladder to the liver bed varies considerably. 
We find all forms from an entirely intrahepatically situated gallbladder 
to a freely movable gallbladder connected only with a small band which 
is even pedunculated only on the cystic duct and the cystic artery. This 
latter but rare type is of pathological importance as it predisposes to 
axis torsion. 

The following diagram gives an illustration of this various relation- 
ship of gallbladder to liver (Fig. 103). 

An abnormally movable gallbladder may, due to the gravitation, sink 
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into the lower parts of the abdomen forming a kink with the neck or the 
cystic dtict. We speak of a ptotic gallbladder which sometimes has dif- 
ficulty in emptying its content. 

The neck of the bladder is usually entirely intraperitoneal and comes 
frequently into close contact with the common duct. Sometimes the 
neck is situated entirely behind the common duct, that is to say, that 
the common duct crosses this part of the bladder, while the cystic duct 
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Fid. 103. Position of the gallbladder in relation to the liver. I. Firmly fixed bladder 
II. Average bladder. Ill Loo*e and movable bladder IV, Intrahepatic bladder 


empties into the common duct from behind. These abnormalities are of 
importance for the surgeon and will be illustrated in the following dia- 
grams. 

The Wall of the Gallbladder 

The wall of the gallbladder is, tinder normal conditions, thin but firm. 
Increased pressure in the gallbladder, due to an obstruction in the cystic 
duct anti stasis, results in a dilatation of the wall without the wall being 
weakened. 

Friability of the wall is always a sign of pathological conditions due 
to an inflammatory process. In chronic inflammation fibrous tissue in- 
creases and the wall may be thickened to ? cm. and even to 1 cm. 

In old case* in which the inflammatorj’ process has come to a stand- 
still, a definite tendency to shrink is observed. The gallbladder can then 
be reduced to the size of a walnut or even a hazelnut. 

The normal color of the gallbladder is bluish-white when emptied, 
but when filled with bile the appearance is more or less green. 

Anatomically we distinguish, as in the intestines, three layers in the 
wall of the gallbladder: mucosa, muscularis and serosa. 

On the mucosa we observe some folds even in the distended state, 
slippery to the touch, due to the secretion of mucus from the epithelium. 
Microscopically we sec a lamina propria lined with a high, cylindrical, 
secreting epithelium. The lamina propria contains also fibers. 

The muscularis consists of layers of plain muscles intermixed with 
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fibrous tissue. We know from physiological experiments that electric 
irritation of the gallbladder does not result in a marked contraction. 

The emptying of the bladder is not the consequence of a real peri- 
stalsis but rather of a general increase of the tonus of the wall. But the 
form changes during the process of emptying, becoming more slim and 
elongated. 

The serosa (peritoneum) is connected by loose fibrous layers with the 
muscularis. Under normal conditions the serosa can easily be separated 
from the muscular layer (subserous cholecystectomy). We can remove 
the whole bladder within the layer between muscularis and submucosa 
quite easily and without injury, provided the inflammatory process has 
not resulted in a fusion of all the layers. The fibrous tissue surrounding 
the neck of the bladder fixating this part to the liver is usually firm. 
This firm fixation of the neck of the gallbladder to the liver is due partly 
to the fact that small branches of the cystic artery may pierce directly 
into the liver parenchyma. Also bile ducts of different caliber can empty 
directly from the liver into the gallbladder. This fact is important and is 
sometimes the cause of a postoperative leakage of bile after cho- 
lecystectomy. 

Congenital Abnormalities of the Gallbladder 

A few words regarding abnormalities may be in order since there is 
practically no organ which is so liable to variations than the gallbladder, 
a fact which may be of surgical importance in any case. The following 
are the main abnormalities observed : 

(1) Absence of the Gallbladder: 

(a) Gallbladder may be entirely absent 

(b) Gallbladder may be rudimentary 

(c) Gallbladder is represented by a fibrous cord 

(2) Double Gallbladder: 

(a) Two completely separated gallbladders 

(b) A bilobed gallbladder with a septum dividing it into two 
parts 

(3) The gallbladder can be separated by transverse septa into dif- 
ferent chambers, in most cases into three chambers. These chambers 
can be connected sometimes only by narrow tracts. This abnormality 
is rather frequent and is important because the emptying of such a 
bladder is often incomplete. Stasis and formation of stones is the sequel. 
A rare case is the total absence of the cystic duct in which a singular 
hepatic duct empties into the bladder so that the removal of the bladder 
with its only outlet results in dividing the main duct. 

Such cases will be discussed in the chapter on injuries to the bile ducts. 

Cystic Duct. The cystic duct is buried with the end of the neck of 
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the bladder in the hepatoduodenal ligament, and is usually surrounded 
by a considerable amount of fat. 

When dividing the serous and fatty tissue at this part, the firm tissue 
of the cystic duct can easily be laid bare. It forms a reverse figure of S, 



Fro. 104. Variations in the course of the cystic duct. (From Julius h. Spivack's “The 
Surgical Technic of Abdominal Operations,” 4th edition, 1946. Courtcsj' of Charles C 
Thomas, Publisher, Springfield, Illinois. 

but many variations in the normal kinks and bending of the cystic duct 
are observed. The course of the cystic duct makes it impossible or at 
least extremely difficult to introduce even the finest probe from the neck 
of the bladder through the cystic duct into the common duct (Fig. 102). 
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It is obvious that this complicated course of the cystic duct with its 
loops and kinks and internal valves may easily give rise to difficulties 
in emptying the bladder especially when, in the case of pericholecystitis, 
external adhesions are formed. Independent of these different kinks are 
special valves inside the duct, known as Heist er’s valves. These folds 
contain muscular fibers which are specially marked where the neck of 
the gallbladder opens into the cystic duct, so we can speak of a sphincter 
in the neck of the bladder. 

This sphincter muscle is of some pathological importance because a 




Fia. 105. Variations in the course of the cystic duct in which the common 
bile duct might be inadvertently ligated. 

spasm around the stone lying in the neck of the bladder may cause acute 
and total obstruction. The diameter of the cystic duct varies consider- 
ably; the length is 2 to 4 cm. Before emptying into the common duct 
the cystic duct frequently forms a downward and later an upward loop 
in the figure of an S. 

The various ways in which the cystic duct empties into the common 
duct are considerable and of great importance to the surgeon. The fol- 
lowing sketches give an idea of the main variations (Fig. 104). 

The abnormalities of the cystic artery are also great. It lies normally 
upward and behind the cystic duct, but sometimes it lies anteriorly. 
The surgical importance of these variations lies in the fact that under 
difficult conditions the common duct may easily be mistaken for the 
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cystic duct and be divided instead of the latter (Fig. 105). The cystic 
duct may practically empty into any part of the common bile duct and 
even directly into the papilla. So the length of the cystic duct may vary 
between 2 and 14 cm. 

When exploring the cystic duet it is of outstanding importance not 
to divide the cystic duct before the anatomy is perfectly clear. Injuries 
to the common duct in this part of the operation are very frequent and 
can and must be avoided by becoming thoroughly familiar with the 
anatomy which is practically possible in nearly all cases. (See injuries.) 

Common Duct. The length of the ductus choledochus, i.e., the dis- 
tance from the junction of the cystic with the hepatic duct to the papilla 
is between 2 and 14 cm; on an average it is 5 to 7 cm. The width of the 
common duct varies between 5 mm. and 2 cm. or even more. 

The wall of the common bile duct consists of a mucosa, muscularis 
and serosa. It is usually thin, like the wall of a vein, of medium diameter, 
but can be considerably thickened by inflammatory processes. 

In the inside of the common bile duct we find minute depressions, the 
function and meaning of which are still under discussion. They are 
considered by some authors as rudimental vasa aberrantia, remainders 
of previously functioning ducts in connection with liver tissue which has 
disappeared in the embryological development. 

Some authors consider them real glands, while others regard these 
little pouches as rudimentary gallbladders. 

We distinguish four parts in the common duct: 

(1) supraduodenal, (2) retroduodenal, (3) pancreatic, and (4) the intra- 
mural part or the papillary part, which means the part of the common 
duct that pierces the duodenal wall. 

The supraduodenal part reaches from the opening of the cystic duct 
down to the upper border of the duodenum. The retroduodenal part of 
the duct has on its left side the portal vein. Behind lies the trunk of the 
vena cava inferior. The pancreatic part of the retroduodenal common 
duct is the part which is imbedded in pancreatic tissue of varying degree 
of thickness. 

Many variations are observed in the relationship between the retro- 
duodenal part of the common duct and the pancreatic tissue. A knowl- 
edge of anatomy is important for the operation upon the retroduodenal 
portion of the common bile duct. The following types (Fig. 106) may 
be distinguished (Fuchs) : 

(a) The duct may lie only superficially on the pancreatic tissue. It 
forms a figure of S and is free from pancreatic tissue on the anterior side. 

(b) The duct pierces the pancreatic tissue in a canal but is free before 
piercing the duodenal wall. 

(c) The duct is entirely surrounded by pancreatic tissue. In order to 
lay bare the duct this tissue must be divided. Abundant blood vessels, 
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branches of varying diameter from the pancreatico-duodenal artery and 
tributaries of the pancreatico-duodenal vein, form the rich blood supply 
of this retroduodenal part of the duct. 

(d) The intramural part : This part of the duct pierces in an oblique 
direction the posterior wall of the second part of the duodenum for a 
length of 1 to cm. It empties with the pancreatic duct into the so- 



Fia. 106. Relation of the common bile duct to the pancreas I. Duct lies superficially 
to the pancreas. II. Duct lies in a grove of tbe pancreas. 111. Duct is covered by pancreatic 
tissue. 


called ampulla of Vater, the dilated part over the papilla, i.e., the open- 
ing into the duodenum. This part of the duct is surrounded by muscular 
fibers forming the sphincter of Oddi. 

Ampulla. There are many variations in the junction of the pancreatic 
duct with the common bile duct (Fig. 107). The ampulla is the place 
where obstructing stones are usually found. The removal of such im- 
pacted stones causes sometimes considerable difficulties. Under normal 
conditions there is no reflux neither of bile into the pancreatic duct nor 
of pancreatic juice into the common bile duct; either of these ducts has 
a muscular sphincter. 

Under pathological conditions, especially when stones are impacted 
in the ampulla or when the wall has been damaged through inflamma- 
tory processes, a stasis or reflux into both ducts may occur. 

The anatomical variations of the junction of both ducts are of impor- 
tance when introducing a probe through the papilla from below during 
a transduodenal operation. 

Papilla. The narrow and short canal, the opening of the common 
duct into the duodenum, is called papilla. In other words, it is the intra- 
mural portion of the common bile duct. 

Longitudinal folds of the mucous membrane, closing the opening in 
intimate contact with the whole canal, form the inner layer. The papilla 
is more firmly closed by tense circular layers of muscular and elastic 
fibers, the sphincter of Oddi. The papilla may be forcibly dilated by 
probes to a w*idth of 1 cm. It lies in about the middle of the second part 
of the duodenum in the posterior wall. But this topography is of no 
great value for finding the papilla because the distal part of the duo- 
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denum is covered with the transverse mesocolon. So it is of more prac- 
tical value to know that the distance from the pylorus to the papilla is 
about 10 to 12 cm. In the open duodenum a permanent transverse fold 
may hint as to the position of the papilla. Near the papilla we find 
sometimes another small opening of the accessory pancreatic duct. 
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Fia 107. Variations m junction of the common bile duct with the pancreatic duit 
(after Waltzelt). I. Both ducts empty into ampulla. II. Pancreatic duct empties into the 
common Vito duct. 111. Common hile duct empties into pancreatic duct. 1Y. Separation of 
the ducts by an incomplete septum. V. Separation of the ducts by a complete septum. 


(Santorini.) This accessory duct is, when present, usually very small, 
of the diameter of a thread or a knitting needle and receives small 
branches from the head of the pancreas. This accessory duct crosses the 
common duct anteriorly. 

Arteries. The hepatic artery originates from the celiac trunk (celiac 
artery). It is there covered by the upper border of the pancreas and goes 
horizontally to the right, entering the hepatoduodenal ligament near 
the pylorus. 
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It is found easily here when dividing the lesser omentum above and 
medial to the pylorus. This is the place of the division into the proper 
hepatic artery, going upward to the liver and the gastroduodenal artery 
going downward to the pylorus. This division lies anterior to the portal 
vein but is sometimes found even overlying the common duct. 

The hepatic artery proper runs on the left side of the portal vein to- 
ward the liver (Fig. 102). Here we find a division into a right and left 



branches. In rare cases both arteries originate separately from the com- 
mon hepatic artery. From this right branch the cystic artery originates. 
The right branch of the hepatic artery crosses the hepatic duct on the 
liver hylus and supplies the right and the quadrate lobes of the liver. In 
rare cases the artery lies posterior to the hepatic duct and can be found 
sometimes even behind the cystic duct. This anomaly is also of surgical 
importance because it can happen that the hepatic artery may be ligated 
instead of the cystic artery. This accident can even be fatal, because 
being the only nutritive artery to the liver, ligation of the hepatic artery 
may be followed by an extensive ischemic necrosis. 

A fortunate exception is the case in which accessory liver arteries 
(25 per cent) are found which originate from the left gastric artery, the 
superior mesenteric artery or gastroduodenal artery. These arteries are 
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called according to their origin the hepatoraesaraic artery (RioBranco) 
or Jicpaticogastric artery- 

The cystic artery (Fig. 10S) originates in most cases from the right 
hepatic artery. It shows a great number of abnormalities as to the 
place of its origin and especially in its course. It is found above and 
deeper than the cystic duct, imbedded in the hepatoduodenal ligament. 

The cystic artery is always of great importance in biliary surgery. It 
has to be ligated in most ca<=es of cholecystectomy, but it is useful to 
hear in mind the great number of various types as illustrated in the 
diagram. 

The portal vein originates behind the head of the pancreas through 
the junction of the superior mesenteric vein and the splenic vein, whereas 
the inferior mesenteric vein empties in most cases into the splenic vein. 
It crosses the duodenum posteriori}- and enters the hepatoduodenal liga- 
ment. The portal vein lies in mo«t cases posterior to the common duct 
and the hepatic artery. During its course in the hepatoduodenal liga- 
ment the portal vein receives the following tributaries: the pancreatic 
and duodenal, the left gastric and the cystic veins. 

On the hilus of the liver the portal vein divides into a right and left 
branches. There is inmost cases still a communication between the left 
branch and the obliterated umbilical vein in the round ligament. The 
round ligament for this reason should always be divided between two 
ligatures. Veins of the falciform ligament also empty into the portal vein. 
It is further important to know, and one realizes this fact sometimes in 
a very unpleasant way when opening the common duct, that on its wall 
lies a venous plexus frequently emptying its blood into the portal vein. 

The cystic vein empties sometimes directly into the portal vein. But 
there are venous communications of various diameters between the 
cystic vein and the venous plexus lying around the common duct. 

Disturbing bleeding may arise out of these venous plexuses nhen wc 
perform a choledoch otomy, so that it is always ad\"i*able to apply liga- 
tures and control the hemorrhage before opening. 

It is further important to know that the pancreatic or duodenal vein 
crosses the pancreatic part of the common duct dorsally, receiving 
smaller veins from the pancreas and the common duct. The abundant 
vascularization on this place causes difficulty sometimes when operating 
on the retroduodenal part of the common duct. 

Lymphatic Vessels (Fig. 102). The lymphatic vessels of the hepato- 
biliary system are of special physiological and pathological interest. In- 
flammatory and toxic products drained from the liver and the gallblad- 
der are collected in the glands along the cystic and common duct and 
into the gland* along the aorta. 

Lymphatic spaces lie under Glisson’s capsule collecting edematous 
and inflammatory effurion from the liver. Inflammatory process in 
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these subcapsular lymphatic vessels cause thickening of the fibrous tis- 
sues with a formation of scars (perihepatitis lymphatica). Lymphatic 
glands alongside the extrahepatic ducts arc almost regular. One or two 
glands are found regularly on the left side of the neck of the bladder 
near the opening into the cystic duct. These glands arc frequently found 
swollen and may cause disturbing hemorrhage when performing a sub- 
serous cholecystectomy. 

To the right and to the left of the common duct glands of varying 
size are found; swollen glands may even cause a compression of the 
common duct with subsequent jaundice. Also calcified glands, appar- 
ently of tuberculous origin, can be found causing external compression. 
There are also communications between the lymphatic vessels of the 
common duct and the lymphatic glands surrounding the pancreas. These 
lymphatic vessels of the common duct and the lymphatic glands sur- 
rounding the pancreas form a channel of infection spreading from the 
hepatobiliary system to the pancreas. There are also lymphatic com- 
munications between the lymphatic vessels around the common duct 
and retrocecal vessels which may carry germs from an infected appendix 
to the hepatobiliary lymphatic system. This path of infection easily ex- 
plains the coincidence of inflammatory processes in the appendix and 
the gallbladder. 

Nerves. The nerves may be mentioned only briefly. Their clinical 
importance need not be explained. They carry the impulses of spastic 
conditions and signalize a colic attack; they regulate the co-operation 
between the digestion of food in the intestinal tract and the secretion 
and emptying of bile. Many symptoms of pathological processes in the 
hepatobiliary system, as perspiration, vomiting, constipation, brachy- 
and tachycardia, the so-called visceral reflexes, are well known. Damage 
through pathological processes or injuries when operating (cholecystec- 
tomy) may form the basis of the spastic or atonic dyskinesia. 

The nerves of the biliary system are interrupted by ganglion cells. 
They originate from the vagus and the splanchnic trunk in the solar 
plexus. We may distinguish several different plexuses around the ex- 
ternal biliary system: one plexus around the hepatic artery (hepatic 
plexus), another around thegallbladder (vesical plexus) and athird around 
the common duct. On both sides of the common duct two main trunks can 
be observed. A plexus surrounds also the sphincter of Oddi; these divi- 
sions of the plexus surrounding the common duct and the ampulla have 
certainly an influence on the tonus of the sphincter of Oddi. It may be 
that a removal of these nerves will result in a relaxation of the sphincter 
comparable to arterial sympathectomy, at least in some cases. 

Duodenum. It seems quite useful to mention in a few words the topog- 
raphy of the duodenum which is always in the field when operating 
upon the biliary tract. The first part of the duodenum lies posteriorly 
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for fourteen years used the costal incision (Figs. 110, 111, 112, 113) 
exclusively in more than 1,000 cases of gallstone diseases; and I am 
today perfectly satisfied that thi» incision ha« definite advantages; there- 
fore, I believe I can take the responsibility of recommending it highly 
as a routine incision. It has proved to be a definite progress compared 
with the incisions formerly in u c e. This opinion has been confirmed by 
all surgeons who have tried it on a larger scale: Stegemann in 700 cases; 
Usadel, who recommends it as a routine incision for all gallstone opera- 
tions, Mirizzi, and others. 

(1) The main point of the incision is that the rectus muscle as well as 
the external ohlique abdominal muscle are divided near the origin upon 
the costal arch as their basis. No damage is done to these muscles when 
dividing them at this place. The transverse and internal abdominal 
muscles are divided under the costal arch, so that both muscle incisions 
are on a different plane. The costal arch lying under the first muscle 
incision and forming the basis makes the incision safe against a post- 
operative incisional hernia. Not a single case of such a hernia or even a 
weakening in the abdominal wall could be observed in the follow-up of 
my cases, neither by Stegemann in his 700 cases nor in the exses of 
Usadel. (The frequency of incisional herniae with other incisions are 
given in statistical figures between 5 and 15 per cent.) 

(2) The exposure i* perfect so that the operation can be performed in 
situ and no displacement or traction on the liver is necessary. 

(3) The opening of the abdominal cavity and the operative field is 
limited to the very site of the pathological changes in which a definite 
state of local immunity exists. Experience has shown that as long as we 
limit the operation to this region or immunity the tendency to heal is 
far better and the recovery uneventful in the majority of cases. Spread- 
ing of the infection does not occur as can be the case when extending the 
operative field to parts without local immunity. 

The importance of this local immunity over the very' site of the in- 
flammation and the favorable tendency to heal with this incision could 
be shown in trials for the primary closure of the abdominal wall even in 
badly infected cases. 

Costal Incision of Pribram (Figs. 110, 111, 112, 113) 

Technic. The incision starts on the right lateral border of the 
xyphoid process and goes downward upon the costal arch, a distance of 
one-fourth to one inch above the border, until it reaches the point where 
the ninth rib joins the costal arch; the incision is approximately eight 
inches. The rectus and external oblique abdominal muscle are now ex- 
posed at their origin where they are covered by the pectoral fascia; they 
are divided upon the costal basis and it is remarkable that practically 
no retraction of the muscular stump takes place. 
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Fio. 110. Right costal incision of Pribram. 
Straight line — Incision through skin and 
superficial muscles. Dotted line — Incision 
through transvereus abdominis musclo and 
peritoneum. 



Fra. 111. Costal incision of Pribram. The skin, superficial fascia, 
anterior sheath of m. rectus abdominis, the m. rectus are cut and 
retracted. 
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The costal cartilage should be left uninjured. Only a few vessels have 
to be ligated. With two retractors the muscular stumps are now pulled 
medially. In the angle between the xyphoid process and the costal arch 



lie the superior epigastric artery and veins and the sixth intercostal 
nerve and the rectus muscle. These vessels and the nerve can be pushed 
aside easily. 

The internal and transverse abdominal muscles are now divided a 
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quarter of an inch below the costal arch. Upon this muscle sheet we en- 
counter the eighth intercostal nerve, supplying the part of the rectus 
muscle between the first and the second inscriptio tendinea. 

In the beginning I have always tried to save it by pushing it aside 
but experience has shown that after dividing the eighth nerve at this 
point no weakening of the rectal muscle takes place. The round ligament 
is divided between two catgut ligatures which are left long so that the 
ligament can be tied together after the operation. 

After having opened the peritoneum we are right over the gall- 
bladder and the biliary ducts. 

I will not omit this occasion to emphasize the importance of the use of 
a self-retaining retractor for the permanent wide exposure when operat- 
ing upon the biliary tract. 

The closure of the abdominal wall is performed in three layers: Con- 
tinuous suture of the peritoneum with fascia transversalis and the trans- 
versus abdominis muscle. The internal oblique muscle is sutured with 
interrupted catgut sutures, thus closing the abdominal wound under the 
costal arch. The suture of the rectus and external oblique muscles is per- 
formed beginning with the epigastrial end. The sutures go through the 
firm fascial sheet and are tied in such a way that the muscular tissue is 
inverted and the muscular suture is properly covered everywhere with 
fascia and then interrupted skin sutures. Primary closure of the ab- 
dominal wall is safe in the majority of cases especially after an electro- 
surgical operation. 

Drainage. In case drainage is necessary the drain is allowed to pass 
at the lower end where both incisions join in one plane. If this opening 
should not be suitable for drainage (as in the case of a greatly enlarged 
liver), the drain is allowed to pass through a special button-hole incision 
in a suitable place below the lower end of the incision. This special but- 
ton-hole drainage has proved very useful so that it can be widely applied 
whenever it is suitable for the course of the drain. 

Wider Exposure for Injuries. When we have started with a 
median or paramedian incision for injuries, the amount of which could 
not be foreseen, we have to face sometimes the necessity for a wider 
exposure of the liver. 

A transverse incision, perpendicular to the longitudinal incision, is car- 
ried out below the costal arch reaching the median incision about two 
inches below the xyphoid process. The incision goes right through the 
rectus muscle and as far as necessary laterally through the oblique and 
transverse abdominal muscles, as we approach the lower surface of the 
liver, gallbladder and the external bile ducts. The tendency to heal after 
this incision is better as one should expect; in fact, it is better than all 
the other incisions combined as well as the incisions below the costal 
arch. i 
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Intercostal nerves supplying the rectus muscle can easily be avoided. 
In some cases in which a wider exposure of the convexity of the liver is 
required a temporary resection of the costal arch pedunculated on the 
intercostal muscles serves this purpose (Marwedel incision). The costal 
arch is laid bare by an oblique incision parallel or upon the costal arch. 
The muscle stumps are pushed upward so that the cartilages from the 
seventh rib downward are all accessible. The costocartilagenous junc- 
tion of ribs is divided externally and near the sternum medially. When 
dividing the seventh rib, precaution is necessary lest the pleura be 
opened. Intercostal muscles are divided, arteries ligated and a flap 
pushed upward. 

Wider Exposure of the Liver. In special cases when operating for 
an injury on the convexity of the liver or for an abscess, hydatid abscess, 
wider exposure of the liver may be necessary. The partial mobilization 
of the liver by cutting the ligaments produces a useful widening of the 
exposure. 

The posterior surface of the liver is fixed to the diaphragm without 
the liver being covered by peritoneum. Another and very strong fixation 
K given by the inferior vena cava and the hepatic vein. The division of 
the so-called ligaments of the liver, the round and the falciform liga- 
ment, is very useful for allowing a certain twisting around the horizontal 
axis. Wider mobilization may be achieved when dividing the lateral 
ligaments. 

These ligaments are reflections of the peritoneum from the anterior 
abdominal wall into the diaphragm extending to the liver and blending 
into the capsule. These reflections are called the right triangular liga- 
ment or hepatophrenic ligament and is fixed to the right lobe on the 
convexity of the liver and the hepatorenal ligament, which is fixed to the 
lower surface and to the left coronary ligament. 

When separating the convexity of the liver from the diaphragm, we 
must be careful not to perforate the latter. There is danger that the 
pleural cavity might be opened on the right side and the pericardium on 
the left. This mobilization can be performed only to a certain degree in 
order not to injure the hepatic veins and the vena cava. It should be 
carried out with the greatest care and under exceptional conditions, 
always avoiding any pulling on the hepatic vein and the vena cava 
which maj' interfere with the blood reflux to the right portion of the 
heart. 

Temporary Paralysis of Phrenic Nerve. Another hind of mobiliza- 
tion which has proved very useful in special cases is the temporary block- 
ing of the right phrenic nerve by an injection of 2 to 5 cc. of a one per 
cent solution of novocain on the outer border of the right stemomastoid 
muscle, one-half to one inch above the clavicle. The following relaxation 
of the diaphragm enables mobilizationand far better exposure- It facili- 
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tates, on the other hand, operating upon the liver, e.g., the performing of 
a proper suture. 

Transdiaphragmatic Approach. The transdiaphragmatic way is by 
far the best for an exposure of the top of the convexity of the liver and is 
used especially when an operation is performed for injuries, as gunshot 
wounds, piercing the thoracic cavity and then going through the liver 
into the abdominal cavity. It is used further when an operation is per- 
formed for subphrenic abscesses. This special incision will be discussed 
in the chapters dealing with the technic of these operations. 

Injuries to the Liver, Bile Ducts and Gallbladder 

We may distinguish (1) injuries to the liver bj r blunt force (liver rup- 
ture) and (2) open injuries (stab wounds, gunshot wounds, war injuries). 

Injuries by Blunt Force. The size and characteristic consistency 
of the liver, the heaviness and ample filling with blood of the organ 
covered by Glisson’s capsule, which has always a certain degree of ten- 
sion, the fixation of the liver by ligaments to the vena cava and to the 
diaphragm which hinders any evading of the organ arc all reasons why 
blunt force hitting the upper abdomen frequently causes a rupture of 
the liver deep into the parenchyma. 

Of all parenchymatous organs in the abdominal cavity the liver is the 
most likely to be injured when the abdomen is hit at any part by blunt 
force. Street accidents, when people are run over by automobiles, falls 
from scaffolding, burying accidents in mines, war injuries, hoof beats, 
etc., arc the main caiu-es. 

In 494 postmortem examinations of rupture of abdominal organs 
through blunt force, the liver rupture ranges in the first place with 59.9 
per cent, this organ having been injured more than all other organs 
together (Geill). The right lobe has been found ruptured much more 
frequently than the left. The relationship is about G5 to 35. 

Mechanism of the Injury. We may distinguish the result of a 
direct hit as in the case of a hoof beat in which a horseshoe-shaped 
rupture can be distinguished, sometimes with two deep holes of smashed 
liver tissue connected with an arch-shaped crack, and also the result of 
indirect ruptures. 

We find such primary holes reaching deep into the liver parenchyma 
corresponding in size and form to the injuring object. In other cases, 
especially when the patient is run over by a car, the wheel crushes the 
liver over a larger area. In such cases the left lobe has sometimes been 
entirely divided from the right lobe through pressure exerted by the 
wheel against the spinal column. Railway wagon buffers may cause deep 
holes with star-like cracks. 

Another kind of liver injury may be considered as secondary or 
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“contre coup” injury, in which a force hitting any part of the abdomen 
results in an indirect rupture of the liver. 

These indirect ruptures are rather irregular because many factors 
determine the place and size of the rupture. It seems that these ruptures 
have a certain connection with the fixating ligaments. Some have a 
longitudinal direction along the falciform ligaments but most of them 
(79 out of 122, Geill) are sagittal ruptures. 

In some of these sagittal ruptures it has been found that the round 
ligament has cut through the liver parenchyma dividing the liver into 
two parts. For instance, in the case of a fall from a great height the 
heavy weight of the liver presses down while the round ligament, fixed 
on the abdominal wall, holds firm. This is especially true when, as usual, 
the abdominal muscles become rigid. 

In some cases the gallbladder has been found torn from the liver bed 
and a sagittal rupture occurred piercing from the bed down into the 
parenchyma. The holes in such a ruptured liver are found to be filled 
with a porridge of smashed liver tissue and with blood. This intrahepatic 
hematoma may be very large and being an outstanding feature had been 
called liver-apoplexia. These ruptures may be entirely closed and lie 
intrabepatically. They may be transformed into blood cysts or also into 
an abscess in case of a secondary infection. 

It must be mentioned that, leaving aside external force, the kind of 
pathological state also may cause some predisposition toward a rupture. 
This is the case in children in whom the liver is relatively larger than 
in adults. At the time of digestion there is a certain amount of hyper- 
emia and enlargement. In certain diseases (fatty degeneration, malaria, 
tuberculosis, syphilis) the liver is more friable. 

The greatest danger of a liver rupture is hemorrhage; in fact, this is 
the main cause of a fatal outcome. The large intrahepatic veins have 
very thin walls, no valves at all, and there is no possibility to retract ; 
therefore, the bleeding is persistent and spontaneous control is rare. 

On the other hand, the hemorrhage is more likely to be venous than 
arterial. The amount of blood found In the abdominal cavity can some- 
times be enormous. Two to three liters of blood and more have been 
found in the abdominal cavity not only at the postmortem examination 
but when operating upon patients who survived the operation. 

Open Injuries. The prognosis of simple stab wounds into the liver 
by knife or lance or even of simple gun or pistol wounds is much more 
favorable than in cases of a liver rupture, provided no other organs 
and no large vessels have been injured as well. The mortality rate is 
given between 10 and 20 per cent. It is well known that in case of open 
injuries and wounds by a missile the signs of shock, in contrast to those 
in liver ruptures by blunt force, may be entirely absent. 

Leaving aside the sequels of an injury to a neighboring organ, the 
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prognosis of such a liver injury depends largely upon the amount of 
hemorrhage into the abdominal cavity. But there is even a possibility of 
a severe injury to the liver by a missile without the peritoneal cavity 
being opened and no blood at all is present when the abdomen is opened. 
This is the case when the liver is injured right under the diaphragm at 
the portion of its convexity which is free of peritoneum and directly 
adjacent to the diaphragm. 

On the other hand, the pericardium or the pleural cavity can be 
opened easily by a shot at this point so that the blood pouring out of the 
liver collects in the pericardial or pleural cavity. 

Sudden death after such a gunshot wound has been attributed through 
a “tamponade of the heart,” supposed to be due to a gunshot wound of 
the heart. Only the postmortem^examination revealed that the heart 
was not injured at all and the tamponade was caused by blood draining 
out of the wound of the liver through the injured diaphragm and the 
pericardium into the pericardial cavity. 

The liver injury’ may also be undetected when blood pours through the 
open diaphragm into the right pleural cavity causing only chest symp- 
toms. 

I have observed several cases, when aspirating from the apparently 
intrapleural hemorrhage, in which the plasma of the aspirated blood 
appeared to be green from bile, proving that it was in fact an injury' to 
the convexity of the liver and the diaphragm. No signs of an intraperi- 
toneal hemorrhage were present. 

Extensive injuries to the liver, especially by shell-shot wounds, have 
a very high mortality rate and the statistical figures from the war give 
a lower mortality rate (GO to SO per cent) than actually is the case: a 
considerable number die on the battlefield because of immediate hemor- 
rhage and do not reach any first aid station. 

Clinical Signs. The first signs after such an injury, especially in a 
TupVme from blunt force, are those of general shock, and under this 
dramatic appearance the special symptoms indicating special injury’ to 
the liver are sometimes hidden. 

If we would operate upon a patient with a severe blunt injury of the 
abdomen as soon as the patient recovers from general shock, W’e would 
certainly have the advantage of finding the most favorable conditions 
for the operation when intra-abdominal organs have been injured. Of 
course, there is some sound objection against an exploratory laparotomy 
in all cases as a routine; we should try to find some diagnostic signs indi- 
cating whether or not an intra-abdominal organ has been injured. 

Differential Diagnosis between Symptoms of General Shock 
and Symptoms of Injury to the Liver. In all abdominal injuries there 
are three groups of symptoms which are valuable in making a correct 
diagnosis and in determining the indications for surgical interference: 
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(1) symptoms of general shock; (2) general symptoms of abdominal 
injuries; and (3) special symptoms caused by the injured organ, in our 
case outflow of bile after injury to the liver. 

Shock is characterized by the fact that practically alt autonomous 
regulations are disturbed to a certain degree and for a certain time; 
regulation of peripheral circulation in the capillaries, regulation of tem- 
perature and metabolism as well as all means of biological self-defense 
are out of order or diminished during the time of shock. 

The symptoms of shock are well known. The patient lies still with an 
expression of fear in his face, the skin is pale and clammy, the mind is 
clear but mental activity is diminished. 

The respiration is shallow and frequent up to 30. Deep sighs inter- 
rupting the normal respiration are characteristic. 

Circulation. One of the main pathological damages in shock is that 
the backflow from the capillaries is seriously damaged. There is a stag- 
nation in the capillary system; the stored blood in the spleen, liver and 
in the gastrointestinal tract is increased; the blood flowing to the right 
portion of the heart is greatly diminished and so is the amount of the 
circulating blood. The result is a diminished oxygenation of the tissues 
(anoxemia). The walls of the capillaries become damaged and the 
permeability increased; serum fluid transfuses into the tissue (edema) 
and the number of the red cells in the capillaries increases. The blood 
pressure is down and falls gradually according to the intensity of the 
shock. 

The=e characteristic symptoms, as already mentioned, superimpose 
special symptoms of the abdominal injury. It is important to distinguish 
between these symptoms of shock and the general signs of an abdominal 
injury especially caused by hemorrhage. 

Special Signs of a Liver Injury. The sigas of an intraperitoneal 
hemorrhage are outstanding in the case of a liver rupture. The general 
signs of loss of blood are sometimes not so striking, probably due to the 
fact that it is to a great extent venous bleeding from stored blood of the 
liver and not a hemorrhage as occurs in arterial bleeding. So the sj’mp- 
toms arising are influenced more by the peritoneal irritation than by the 
loss of blood. 

When the loss of blood is considerable, the patient becomes more and 
more restless in contrast to the stupor he has shown in the very first 
moments of shock. 

A dullness in the right side of the abdomen increases gradually and 
spreads downward, filling the whole right abdominal part. This dullness 
is to a certain extent shifting when the patient is turned to his left side. 

Pain. Pain after a liver rupture is quite characteristic. It is specially 
felt when pressing the finger into the intercostal space. Pain radiates 
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downward and backward and also into the right shoulder, a sign of 
irritation of the diaphragm. 

The radiation of pain into the right shoulder has been considered since 
the times of Celsius as a characteristic sign of liver injury, especially on 
its convex surface. The explanation is that Glisson’s capsule and the 
coronary ligament are supplied by the hepatic plexus (right vagus and 
celiac plexus) as well as by the phrenic plexus consisting mainly of the 
terminal branches of the phrenic nerve. Irritation of these phrenic-nerve 
branches is felt not only as a diaphragmatic pain but radiates through 
the phrenic nerve into the cutaneous branches of the dorsal scapular 
nerve which originates partly with the phrenic nerve from the fourth 
cervical segment. 

When pressing the phrenic nerve on the outer border of the right 
sternomastoid muscle over the clavicle, we find it definitely more tender 
than the left one. This phrenic nerve symptom is a very valuable diag- 
nostic sign for lesions of the diaphragm and the convexity of the liver. 

Breathing is shallow, more frequent and rather painful. But it must 
be borne in mind that pain as well as rigidity of muscles can be caused 
also by tearing of muscles and bruising in the abdominal wall. 

Furthermore, fracture of the costal arch with its signs — inhibited and 
painful breathing — is sometimes so outstanding that the diagnosis of an 
injury to a special organ in the very beginning is often difficult. 

Under the special symptoms of a liver injury must be mentioned: 

Bradycardia. This bradycardia, which in contrast to the bradycardia 
produced by shock, lasts much longer over hours and days and is due to 
a resorption of bile out of the abdominal cavity. Bile salts have a special 
and definite depressing influence. This bradycardia is very significant 
in cases in which, considering the peritoneal irritation, we would expect 
a much higher frequency of pulse (Paradoxical bradycardia). We dis- 
tinguish this bradycardia from shock-bradycardia by the fact that it 
sets in later, when the resorption of bile begins, and that it lasts longer. 

Test of Bile in Serum and Urine. Bile dyes after liver injuries are found 
in the urine sometimes after a few hours. In the serum the increase of 
bilirubin is very marked and found early. 

Diagnostic Ta-pping. There is not only no objection to aspirate some 
blood over the dullness for diagnostic purposes but I have always found 
it helpful and significant. We proceed in the following way: 

A 20 cc. syringe armed with a fine needle is filled with about 10 cc. 
of 1 per cent novocain or percaine solution; the first drops are injected 
intracutaneously, then gradually subcutaneously infiltrating the whole 
track until we believe that we are over the peritoneum. By piercing the 
peritoneum and penetrating into the abdominal cavity, the injection is 
continued. So we avoid with certainty any injury to the bowel. I do not 
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think there is real danger of an accidental injury in this aspiration when 
performed in a skillful way. 

The examination of the aspirated blood (microscopically and chem- 
ically) showing liver cells or bile dyes (bilirubin) may give evidence of 
the liver lesion. The microscopical examination may also reveal the 
presence of intestinal contents, b. coli, indicating that there is also a 
rupture of the bowels. 

We are able to find the bile dyes in the extravasate before its appear- 
ance in the urine and before jaundiced sclera are apparent, which I have 
already observed eight and ten hours after the injury. 

X-Ray Examination. X-ray examination has proved very valuable 
in diagnosing an additional injury to the bowels and should be per- 
formed as soon as possible, that is to say as soon as the general condition 
of the patient allows this examination. 

The patient is examined when possible in his bed in an upright position 
under the x-ray screen. In case of a rupture of the bowel or stomach, a 
very characteristic crescent-shaped collection of air can be seen between 
the convexity of the liver and the diaphragm. 

One or two x-ray pictures should always be taken to confirm the 
diagnosis which sometimes can be made at the first glance when screen- 
ing the patient. 

Pathological Development and Sequels of Liver Injuries 

1. Hemorrhage. As already mentioned, hemorrhage may be fatal in a 
very short time and especially after gunshot wounds. The patients die 
from hemorrhage already on the battlefield. In other cases the bleeding 
takes a prolonged course owing to the low blood pressure of the intra- 
bepatic veins. Two and three liters of blood and even more have been 
found not only at the postmortem examination but even when the 
operation has been performed successfully. The hemorrhage may come 
to a spontaneous standstill and healing may take place without surgical 
interference. 

The reflex contraction and rigidity of the abdominal muscles help the 
spontaneous primary control of hemorrhage and are to be considered as 
a sort of self-defense. When the contraction of the muscles relaxes cither 
under morphine or under anesthesia, the bleeding from the liver may 
become torrential as Grey Turner rightly emphasizes. 

But these recurrent hemorrhages may take place even after days when 
the patient has been already on the way to recovery* These recurrent 
hemorrhages are practically always fatal. They give a striking warning 
as to the unreliability of the spontaneous stop of the hemorrhage. 

Such a late hemorrhage has been recorded in a case by Harris. The 
patient had recovered without operation and was in his eleventh day 
after the injury. When sitting up in bed for the first time he collapsed 
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suddenly and died after a few minutes. At the postmortem examination 
an abundant fresh hemorrhage was found. 

Even on the thirty-ninth day (Nussbaum) and after eight weeks 
(Biernath) a recurrent hemorrhage with fatal outcome has been reported 
after a primary spontaneous stoppage. 

I want to point out the danger of late hemorrhage in these cases in 
order to emphasize that a spontaneous stoppage of the hemorrhage after 
a liver rupture is not reliable at all and that an operative procedure in 
all ruptures is safer and preferable. 

2. Cholaskos (Effusion of Bile into the Peritoneal Cavity). 
Biliary Peritonitis. The escape of bile from a ruptured liver, tom gall- 
bladder or a torn bile duct may result either in general or local peri- 
tonitis. 

The signs of biliary peritonitis are the general ones of a peritoneal 
irritation, or peritonitis in a rather slow development; fever is absent in 
most cases, the pulse remains slow, as has already been mentioned, due 
to the absorption of bile products with their cardiodepressing tendency; 
the abdomen becomes distended, peristalsis ceases through the damage 
caused to the wall of the intestines, the bowels become ballooned and a 
paralytic ileus develops. In some cases the resulting cholemia may be 
followed by cramps and finally by a comatous state leading to death in 
a few days. 

But this event is rather rare. Such an extreme toxic state is due more 
to a hepatic insufficiency than to pure cholemia. In the majority of cases 
of biliary' peritonitis the course is a more chronic one with decreased 
tendency to resorption of bile. 

There are cases reported in which several pints of bile in the abdominal 
cavity have been found at operation, having collected there during 
months without causing jaundice or signs of bile intoxication. 

I had to operate upon a gunshot wound through the abdomen six 
weeks after the injury and found more than two liters of bile, the only 
sign having been a general cachexia. It seems that the degree of intoxi- 
cation through bile is less marked when a slow drainage of bile into the 
peritoneal cavity takes place. Therefore symptoms of biliary intoxica- 
tion are much more acute in cases of a rupture of the extrahepatic bile 
ducts or the gallbladder than in the case of the rupture of the liver. 

As for the causes of death in biliary peritonitis they are due more to 
the aseptic peritonitis than to a supposed toxic effect of bile, especially 
bile acids. 

This could be proved also by experimental work. When injecting bile 
acids even in large quantities intramuscularly or intravenously animals 
do not die, whereas they do die when the same amount has been in- 
jected intraperitoneally. 

Another proof that the peritonitis with its shock-like increase of stored 
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blood and the diminished amount of circulating blood is an outstanding 
feature is the fact that with experimental biliary peritonitis the volume 
of the red blood cells increases considerably. 

In cases of cholaskos or in case of a local biliary peritonitis without 
jaundice a fibrous and plastic transformation of the sac in which the 
bile was collected has been found with resorption reduced to a minimum. 
But in all cases a general and progressing cachexia has been found. 

The diagnosis of this condition is sometimes difficult but indications 
for urgent surgery are always present and after opening the abdomen 
the true nature of the injury becomes evident. 

3. Permanent Bile Fistula. Sometimes bile fistulae with a poor 
tendency to heal remain after a liver injury. These may be due to a torn 
major hepatic duct with a cicatricial stenosis at its lower end. 

The treatment in such cases will be discussed in the chapter, “Injuries 
to the Bile Ducts.” 

In some cases the cause of such a bile fistula lies only in the rigidity 
of the upper part of the abdominal wall, big fibrous scars connecting 
the ribs with the liver which hinder the retraction necessary for the 
healing process. 

In these cases mobilization of the abdominal wall with removal of the 
ribs and infolding of a muscular flap into the liver wound offers good 
results. In case of an incapsulated collection of bile in the abdominal 
cavity, which is not infrequently observed, a wide opening and drainage 
of this cavity is necessary. Results with tapping alone are not satis- 
factory. 

4. Infection of the Liver Wound. We can distinguish between 
a primary and secondary infection of the injured liver: (a) primary — 
in open wounds; foreign bodies, such as uniform clothes and splinters, 
left in the liver tissue may cause a serious infection, formation of abscess 
3nd even gas-gangrene; (b) a secondary infection may take place either 
from the blood stream carrying germs or from the bile ducts. 

Such secondary infections are observed mainly when an intrahepatic 
hemorrhage containing debris of necrotic tissue is gradually transformed 
into an abscess. A liver abscess formed on the spot of necrotic tissue is 
to a certain degree comparable to a delayed abscess formed after in- 
juries to the brain by blunt force. I mention the following case: A patient 
fell from the second floor and was forced to stay in bed only four days 
on account of his abdominal pain. Two and a half months later jaundice 
developed and a solitary abscess was found. (Wcndel.) 

Another even more striking case concerned a patient who died four 
years after his injury on account of an abscess perforating into the free 
peritoneal cavity. This formation of late abscesses after a liver injury is 
not very rare and according to statistical figures (Gage) develop in about 
5 per cent of cases. Subphrenic abscesses following a rupture of the con- 
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vexity are not rare and are due to secondary infection of a subphrenic 
hematoma. 

5. Embolism of Liver Tissue. Pieces of liver tissue of various size 
have been found in the lung, in the right auricle and in the pulmonary 
artery. Wilms found a piece weighing 21 grams in the right auricle. Fat 
embolism is also observed. 

6. Infarction of the Liver. Such infarctions may be due to a throm- 
botic obstruction of tributaries of the portal vein or of branches of the 
hepatic artery. 

7. Lung Complications. Pneumonia apparently also due to embo- 
lism is not infrequently observed. 

8. The Hepatorenal Syndrome. A number of cases have been re- 
ported in which serious renal symptoms followed a liver trauma. The 
main clinical signs were hematuria followed by a fatal anuria or even a 
primary anuria which could not be influenced bj' therapeutical means 
and which lead to a fatal issue. The kidneys showed signs of a high de- 
gree of nephrosis (lipoid degeneration); the cells in the tubuli were 
found to be without nuclei and in a state of degeneration and necrosis. 

It is remarkable that the epithelium of the tubuli contorti is found to 
be more damaged than the glomeruli which arc sometimes found not 
damaged at all. Apparently some potent toxic substances are reabsorbed 
from the necrotic liver cells and excreted by the kidneys causing there 
considerable damage to the convoluted tubuli. 

9. Eye Symptoms. Changes in the fundus of the eyes have been ob- 
served after a liver rupture. These consist in hemorrhage and dis- 
turbances of circulation in the optic nerve leading in some cases to 
transitory amaurosis. In some cases a picture like in albuminuric reti- 
nitis results. 

Indications. Strict and fast rules cannot be given when to operate 
for injuries of the liver or biliary passages. Lack of facilities, or of a com- 
petent surgeon, which prevents an immediate operation, may con- 
siderably change the indications for an urgent operation. 

1 think it is more advisable to state the indications here strictly from 
a purely medical point of view. We shall suppose that an experienced 
surgeon has to deal with the case early after the injury in a modern 
clinic with all assistance at hand, that is to say, under ideal conditions, 
and we shall leave it to the personal judgment of a surgeon to make the 
concessions necessary because of the unfavorable lack of facilities. 

The main indications in liver injuries arise from questions such as: 
(a) Whether we think that the hemorrhage is ceasing by itself; (b) 
W’hether the external bile ducts are also injured; (c) whether there is a 
suspicion of other organs (intestines) being injured as well. A large 
amount of bile in the urine and a quickly increasing jaundice point 
always to an injury of the external bile ducts. 
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No doubt minor injuries to the liver may heal spontaneously. It is 
also quite certain and confirmed in many cases that gunshot wounds 
through the liver with rifle or machine gun bullets may heal unevent- 
fully. But that serious ruptures also may heal without interference is 
shown in the following case which I just mention in passing: 

A man, run down by a lorry, was admitted to the hospital with definite 
signs of a rupture of the liver. He had also a fracture of the skull and 
several fractures of vertebrae. The general state was so poor and rather 
hopeless that the surgeon could not makeup his mind to operate at all, 
despite the fact that the peritoneal symptoms and the dullness in the 
right upper abdomen clearly showed to be due to severe hemorrhage of 
the liver. Only morphine was given to relieve the patient’s pain. Sur- 
prisingly enough the patient was better the next day and the surgeon 
did not operate because the peritoneal symptoms were decreasing and 
the hemorrhage had obviously come to a standstill. In doing so he was 
again certainly right. The patient recovered fully. 

But this case is by no means an example of how one is to proceed as a 
rule and we should not rely too much upon spontaneous healing. 

I am rather inclined to say that I would feel safer when in every case 
in which an intra-abdominal organ is supposed to be torn a laparotomy 
would be performed as soon as the signs of general shock have disap- 
peared, so that we can pass a better judgment as to the character and 
amount of injury. 

We are sometimes surprised to see injuries, like a torn mesentery, etc., 
of an unexpected kind which we can repair very easily and which cer- 
tainly would have caused a fatal outcome without operation. 

That the liver may be injured to a large extent and that nevertheless 
full recovery may take place are shown by the following interesting case 
reported by Branch: 

A young boy, seven 3 'ears of age, had been struck by an automobile, 
the front and rear wheels of one side passing over his body. When 
operating upon him, it was found that the entire left lobe 3nd a portion 
of the right lobe of the liver had become nearly completely separated. 
This tear ran from the point of entry of the round ligament posteriorly 
into the right so that practically one-half of the liver substance was 
lying free. This part of the liver was doubly clamped and removed. The 
weight was 354 grams and measured 17 by 9 by 6 cm. A mattress suture 
was placed, closing the raw surface of the liver and a gauze drain 
introduced. A bile-stained drainage took place for a fortnight, otherwise 
the recovery was quite uneventful. When bearing in mind that the liver 
weight of a male of this age is about GSO grams, it can be said that one- 
half of the liver substance was lost. 

Obviously employment of liver sutures cannot be carried out tinder 
unfavorable conditions, especially in war surgery. 
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According to statistical figures in non-operated cases of liver ruptures 
the mortality rate is up to 85.7 per cent (189 cases, Edler). Out of 
thirteen cases of liver rupture operated upon by Terrier and Auvray 
the mortality rate was 53.85 per cent and later out of ten ruptures 30 
per cent. 

In order to compare the improvement of liver injuries as a whole 
when operated upon in due time with the statistical figures in non- 
operated cases, we must resort to earlier statistics because we can rarely 
find today statistics of nonopcrated cases. 

The total mortality rate in 543 nonoperated cases was found to be 
6G.8 per cent, while in operated cases the mortality rate dropped to 
28.57 per cent. From all the statistical figures it has been evident that 
ruptures have a far higher mortality than stab and simple gunshot 
wounds. But a great deal depends on whether or not neighboring organs, 
large blood vessels, pancreas and intestinal loops are injured as well. 

The high mortality of course is due to infected shellshot wounds, 
ploughing up of the whole right side, to presence of foreign bodies such 
as particles of clothes, broken ribs, which are infected, and to splinters, 
piercing deep into the liver parenchyma. 

When operated upon in due time the results of treatment could be 
improved considerably. According to Edler’s statistics in case of stab 
wounds the mortality dropped from 64.G to 24.65 per cent, in gunshot 
wounds from 49 to 35 per cent and in case of liver ruptures from 85.7 
to 61.4 per cent. As for the causes of death, loss of blood ranges in the 
first place, followed by other complications, like peritonitis and other 
secondary sequels of the primary injury. 

Many surgeons have more conservative indications concerning liver 
injuries. I quote G. Gordon Taylor: “If injury to other viscera can be 
excluded, abstention is the best policy.” 

It must be admitted that in the great strain which sometimes exists 
in war surgery when hundreds and hundreds have to be treated in the 
shortest time, indications of abdominal surgery as a whole are bound to 
become more conservative. 

But, as stated before, my purpose here is to give indications from a 
purely medical point of view, irrespective of external conditions, and to 
leave it to the judgment of the surgeon to make the necessary conces- 
sions demanded by existing facilities. As to the leading point in Gordon 
Taylor’s indications, namely, that abstention is the best policy if in- 
juries of other viscera can be excluded, it must be said that this is not 
often the case. Contre-coup injuries of viscera may take place in an 
absolutely unexpected way. I remember a case with a tangential shot 
smashing a few ribs and injuring slightly the outer border of the liver 
which was found scarcely bleeding. But laparotomy revealed a large 
amount of blood in the abdominal cavity because of a torn mesentery. 
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In summarizing the reasons why in all cases of injuries to the liver 
either by blunt force or by gunshot wounds laparotomy as an urgent 
operation should be carried out, provided there are adequate facilities 
for their execution, I would say as follows: 

(1) In most cases there is no certain evidence that the liver is the 
only organ which has been injured. 

(2) While a spontaneous arrest of hemorrhage in minor liver injuries 
is quite common, there is no assurance whatever that a serious and 
even fatal hemorrhage may not take place again even after days of a 
seemingly good recovery. 

(3) Secondary infection of intrahepatic hematomas or subphrenic 
hematomas is not uncommon even after a long time after the injury. 

(4) A repair of torn bile ducts is much easier to perform shortly after 
the injury than after a certain time has elapsed. 

Statistical figures have proved conclusively that the mortality rate in 
liver injuries is about one-half when operating instead of running the 
risk of waiting for the patient’s chance of a spontaneous recovery. 

Even very serious cases of war injuries, which have been given little 
chance of recovery at the first sight, could be saved by a well planned 
operation. 

As in all abdominal injuries, indications and the extention of the 
operative procedure change when several days have elapsed from the 
time of injury. Indications for operation in such a late state must be 
considered very carefully and must meet only the urgent demand of 
special cases and never be a general laparotomy with the examination 
of all abdominal organs. It has always proved a bad procedure to per- 
form a general operative review of the abdominal cavity in a stage 
when the self-defense has already taken care to localize the intra- 
abdominal process. 

Operative Procedures 

Iw all abdoKunal iwyitvis, we have ftret to deal with the symptoms, at 
shock, the first rule being that we should never operate upon a patient 
who is in shock. 

Treatment of Shock. The general disorder in the whole autonomic 
nervous system, the damage done to the nerve regulations of all organs 
and vital functions, especially the lack of any self-defense during shock, 
explain why a hastened operation is dangerous. The patient may die in 
sudden collapse at the very beginning when general anesthesia has been 
started. We can even run the risk of increased peritoneal hemorrhage 
rather than that of an operation in shock. The preoperativo treatment is, 
therefore, in all these cases a treatment of shock in the first place. This 
subject of treatment of shock is treated elsewhere to which I refer the 
reader. 
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Anesthesia. I always favor spitial anesthesia for its complete relaxa- 
tion of the abdominal wall which allows a quick examination of all 
intra-abdominal organs. In addition, gas oxygen is useful to maintain 
regularity of respiration. Low blood pressure is a contraindication to 
spinal anesthesia. In these cases only general anesthesia with gas-oxygen- 
ether should be given; simple local anesthesia should be avoided. There 
is no advantage but serious disadvantage in it (increase of shock, rest- 
lessness, insufficient exposure). 

Incision. In all injuries to the liver, whether caused by blunt force or 
in the case of penetrating wounds, we must bear in mind that other 
organs may be injured as well. Therefore, I think that in all these cases 
a nonspecific incision, like the median or paramedian, offers a general 
exposure of all the organs of the abdominal cavity and is most satis- 
factory. An additional right angular incision in order to approach the 
liver may be helpful. In special cases, when the rupture lies high up 
in the convexity, a special and wider exposure of the liver may be 
necessary; the median explorative incision may be closed and one of 
the special incisions with wider exposure of the liver described previ- 
ously should be performed. 

In an open injury of the abdomen (stab-wound or gunshot-wound), it 
is always advisable to explore first the abdominal wall through the al- 
ready formed channel after the edges of the wound had been carefully 
cleansed. 

The advantage of this procedure is that we can easily see the trace 
of the missile or knife. Sometimes we may find a missile or shell splinter 
very deep in the abdominal muscles without the peritoneum having 
been opened at all and the whole laparotomy may be spared. These 
cases in which a missile pierces only the abdominal wall and is found in 
a distant part of the abdominal muscles are well known. When opening 
the peritoneum through the place of the wound, we may have a fairly 
good view of the organs injured and can enlarge the incision in any suit- 
able direction. 

After the first inspection and when the plan of the operation has been 
conceived, the primary wound may be closed and the abdominal cavity 
explored by one of the routine incisions. 

After dividing the peritoneum a large amount of blood pours out 
which should be removed at once by suction or by large abdominal 
pads. At times the bleeding is profuse and apparently starts with in- 
creased violence when by opening the peritoneum the intra-abdominal 
counterpressure relaxes. Quick acting is necessary, otherwise the patient 
may collapse and die in a few minutes. The main source of bleeding 
must be found immediately. Temporary compression of the aorta right 
under the diaphragm exerted by the assistant is the best help in such 
cases. 
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When all other common sources of such hemorrhages (tom abdominal 
vessels, spleen, etc.) can be excluded and the liver is found to be the 
only source of the bleeding, compression of the aorta can be replaced 
by compression of the hepatoduodenal ligament (J. Hogarth Pringle, 
Tuffier, etc.) 

This can be done by the help of the fingers or with a soft clamp, the 
branches of which are covered with rubber. Spivack’s clamp is very 
convenient for this purpose. Within a few minutes the liver has emptied 
a great deal of its blood into the right heart and the bleeding from the 
wound in the liver stops. But this compression should not be carried 
out any longer than five minutes and an assistant should observe the 
conditions of heart nnd circulation carefully. 

The procedure is not without danger. While the blood supply of the 
hepatic artery can be checked for a longer time without damage, the ob- 
struction of the portal vein may result in a serious drop of blood pres- 
sure. There is also a certain danger of congestion in the mesenteric veins 
and in the intestines. 

It has proved useful in cases in which the portal vein has to be com- 
pressed to compress as well the aorta under the diaphragm. It has been 
observed that in this way the fall of the blood pressure following com- 
pression of the portal vein can be prevented to a certain degree by check- 
ing the emptying of the left heart. 

When the place of rupture in the liver is exposed, the operative field is 
walled off with large abdominal pads moistened in hot saline. We have to 
satisfy ourselves that no bile ducts are tom. The ruptured part of the 
liver is provisionally plugged with gauze and then the final control per- 
formed while the gauze is gradually removed. All our aims must be 
directed to the sparing of as much blood as possible. 

Liver Suture. Ligature of bleeding vessels in the wounded surface 
of the liver is sometimes quite satisfactory. A suture is performed 
through the liver tissue around the bleeding vessels in a purse-string 
way. 

In large and deep ruptures the control of hemorrhage may be useful 
as is described in the case of liver resection. This procedure is based on 
the fact that the walls of blood vessels are of greater resistance than liver 
tissue, so when tightening the suture the threads cut through the crushed 
liver tissue but do not cut through the intrahepatic vessels which can 
be properly closed by ligature. The procedure (Fig. 1 14) is as follows 
(Kousnetzoff and Pensky) : 

A long, flat, blunt needle threaded with a double thread of catgut No. 

5 is pierced through the liver near the border. One of these threads is 
cut near the eye and the first ligature performed with this free thread. 
In this way the whole bleeding surface of the liver i3 checked by such 
sutures. 
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If a needle with a dull point should not be available, as may happen in 
urgent surgery, an ordinary needle may be used with the threaded eye 
directed forward. The suture must be tied slowly and very gently. 

A useful modification of this method has been developed by Auvray. 
The suture is performed by means of a Reverdin needle (Fig. 115). 



Flo. 114. Suturing of the liver (Kousnetzoff-Pensky method). (From Julius L. Spivack'a 
“The Surgical Technic of Abdominal Operations,” 4th edition 1946. Courtesy of Charles C 
Thomas, Publisher, Springfield, Illinois ) 


In all these deep sutures there is the danger of a partial necrosis of 
liver tissue. But it must be said that in injuries we are rarely forced to 
apply one of these rather complicated methods which are more suitable 
as prophylactic methods of blood control before partial resection of the 
liver. We succeed in most injuries with one of the following methods of 
direct suture with or without a free graft tissue. 
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In some cases the suture of the liver can be performed w ithout serious 
difficulties provided a big needle with large size catgut is used. 

The consistency of the liver tissue varies considerably. It is sometimes 
so friable, especially in cases of fatty degeneration, that all sutures cut 



Fig. 115. Suturing of the liver (Auvray method). (From Julius L. Spivach’s "The 
Surgical Technic of Abdominal Operations” •! tH edition 1£UG Courtesy of Charles C 
Thomas, Publisher, Springfield, Illinois.) 


through and the bleeding increases during the suturing instead of being 
stopped. In these cases a different technic must lie applied. 

1. Mattress sutures are applied in such a tray that the different 
threads cross each other. The main thing is that the mattress sutures are 
put in an oblique direction instead of a rectangular one so that each 
suture is cro« ! ed by the following suture. The sutures must go deep 
down into the liver tissue. Otherwise, when only suturing both surfaces, 
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a gap remains in the middle and the bleeding continues to pour out 
between the sutures (Fig. 116). 

2. Another method is to introduce one or two long, thick catgut 
sutures parallel to the wounded surface; they are laid at a distance of 
1 or 2 inches from the wound. Through these holding sutures simple 
rectangular or mattress sutures are laid (Fig.' 117). We shall see almost 



Fio. 116. Crossing liver sutures. 



Fio. 117. Suturing of the liver by sutures over catgut. 

after the first suture whether we can succeed with this technic or whether 
the sutures cut through the liver tissue. If such is the case another 
method must be applied, i.e., the method of free graft tissue: 

(a) The assistant brings both parts of the ruptured liver close to- 
gether, a free graft stump of fascia is laid over the wound and then 
simple or mattress sutures (Kirschner) are applied through the fascia. 
This method gives satisfactory results (Fig. 118). 

(b) Both wounded surfaces of the liver are entirely covered with free 
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grait — omentum or fascia. The liver suture is then employed. In smaller 
wounds the liver suture can.be performed over some free graft muscular 
tissue, the latter being the best to stop the hemorrhage. 

The choice between these methods briefly described here is easy for 
the surgeon according to the individual case. 

When applying one of these technics we are almost always in a posi- 
tion to control hemorrhage properly. 

These methods of suturing, however, can rarely be performed in ex- 
tensive war injuries, especially in gunshot wounds. 

We sometimes find liver tissue deep in the wound apparently doomed 



to necrose and pedunculated onlj' on a small stalk of tissue. This should 
not be removed without proper ligature, otherwise serious hemorrhage 
may follow because such a torn liver tissue may be pedunculated on 
larger vessels. Thorough packing is the only method which can be ap- 
plied in such cases. However, we should not proceed with it before hav- 
ing ligated all larger vessels in the bleeding cavity. This can be done 
by deep sutures around the vessels. 

When performing proper plugging of a large liver wound, it must be 
borne in mind that sometimes it is difficult to retain the plugging gauze 
in a soft hole of the wounded liver; but firm pressure is essential, other- 
wise the bleeding continues under the gauze and the purpose is not 
achieved. The best way in such cases is to introduce several long catgut 
threads from one side of a liver wound deep down through the hole and 
to allow the threads to pass on the other side of the surface when the 
plugging is performed and the sutures tied over the gauze. 

There is no difficulty in gradually removing the plugs nhen using a 
Mikulicz tampon which has proved a very useful method. The wound 
is thoroughly lined with a single layer of gauze and filled with several 
gauze pads (Fig. 119). 

The whole packing is allowed to pass like a bundle through the drain- 
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age opening. The idea is that these pads can later on be removed one 
after the other allowing a gradual closing of the cavity. 

The gauze with which the wound is lined can be soaked with an 
antiseptic solution or some powder. Grey Turner advocates the dust- 
ing of the packing with boric powder which gives satisfactory results 


i 


Fia. 119. Suture of the liver over Mikulicz tampon. 

through its antiseptic property and some little protection against sec- 
ondary infection. 

Vioform gauze or gauze soaked with ferrum sesqui chloride is helpful 
sometimes to control the hemorrhage. In infected wounds I found it a 
good method to soak the gauze in peruvian balsam. It has the advantage 
of preventing too firm adherence which may cause a secondary hemor- 
rhage when removing the packing. On the other hand peruvian balsam 
is, beside being an antiseptic, also an excellent stimulant for regenera- 
tion. 

Technic of Removal of the Packing. Only the external dressing 
is changed when it is soaked with blood and bile, otherwise the whole 
wound is left untouched for the next few days. No packing should be 
removed for at least eight or ten days even when we assume that an 
elevated temperature may be caused by the packing. Secondary hemor- 
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rhage is always a serious and may even be a fatal accident while remov- 
ing a packing too early. 

Another point is that the gauze pads must first be loosened and then 
very gently and gradually removed one after the other. This is the 
great advantage of a Mikulicz tampon. 

By far the best method for loosening gauze packs has been the injec- 
tion of a strong peroxide solution into the gauze. The solution not only 
moistens the gauze but the small oxygen bubbles also widen the mesh 
of the gauze and separate it from the tissue. The time spent on the re- 
moval of a larger packing should be at least three to four days. No harm 
can be done when delaying the removal but much harm can be done 
when hastening it impatiently. 

We often find large necrotic pieces of liver tissue loose in the wound, 
but the tendency to recover is sometimes surprising considering the 
extent of the injury. 

Reinfusion of Blood Collected in the Abdominal Cavitt after 
Rupture of an Organ. Reinfusion in anemic patients has been ad- 
vocated by many surgeons especially in the case of a rupture of an 
ectopic pregnancy and it has given satisfactory results. The main condi- 
tion for the suitability of this blood is, of course, that it be absolutely 
sterile. This is not certain in a liver rupture and in injuries to the ab- 
domen. Furthermore, the blood is mixed with bile. On the other hand 
the scheme of modem blood transfusion is practically everywhere so 
well organized by living donors or by the means of stored blood, that I 
do not see any advantage in using this blood collected in the abdominal 
cavity. I think this procedure should be reserved only for exceptional 
cases: great urgency and absence of other means of blood transfusion. 

When hemorrhage in a ruptured liver is thoroughly controlled, as 
much as possible of the blood collected in the abdominal cavity is 
sucked up and clots removed mechanically by means of the hands and 
swabs. When a liver wound has been sutured property, the abdomen can 
be closed without drainage. When packing has been done the free end 
ol the tampon gauze is brought outside the abdominai cavity through 
any suitable place. In a median incision it is better, in order to avoid 
postoperative herniae, to pass the tampon through a fresh incision on 
the right side of the patient. 

According to the general state of the patient a blood transfusion or a 
driplet infusion for several days should follow as postoperative treat- 
ment. 

Procedure in Combined Gunshot Wounds of Chest and Liver. 
According to statistical figures (Wieting) 15 per cent of gunshot wounds 
in the upper abdomen pierce through the cavity of the chest at the same 
time. Many of these patients die already on the battlefield from shock, 
hemopneumothorax and hemorrhage. But when such patients survive 
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the first critical hours and can be operated upon in not too hopeless a 
general state, there is still a chance to save their lives. Increased experi- 
ence and the advance of our technic have contributed toward the im- 
provement of operative results. 

How to Proceed in These Cases and the Best Way of Exposure. 
The following purposes must be achieved: (1) hemorrhage must be con- 
trolled-, (2) the pleural cavity must be closed from the abdominal cavity; 
and (3) the pleural cavity must be closed so that no open pneumothorax 
remains. 

Many of these cases, especially when a missile has crossed from the 
thoracic inlet piercing deeply into the abdominal outlet and injuring 
mesenteric vessels and intestinal loops, are rather hopeless; the majority 
of them die before reaching any hospital or first aid station. 

The question of how to start arises: Thoracotomy first or laparotomy? 

The best solution is to be guided by the most urgent symptoms. An 
open pneumothorax needs our aid first of all. The first stage of the 
operation consists in closing the cavity of the thorax from outside and 
from the cavity of the abdomen. Both purposes can be achieved by 
stitching the diaphragm to the thoracic wall. 

Technic of Thoraco-Abdominal Operation for Gunshot Wounds. 
The operation has been performed by many surgeons with increasing 
success in the last and in the present World Wars. 

Morphine is given (0.02 Gm.) and 0.001 Gm. of atropin; blood trans- 
fusion is carried out when necessary. The right phrenic nerve is tempo- 
rarily paralyzed by injecting 5 cc of 1 per cent novocain solution. This 
is carried out in the following way: 

The head of the patient is turned to the left side; the outer border of 
the right sternomastoid muscle is felt and pushed medially with fore- 
finger and middlcfinger of the left hand, the middlefinger lying on the 
sternal part of the clavicle. The point of the forefinger indicates the place 
where the injection is carried out; the phrenic nerve lies here under the 
sternomastoid muscle upon the scalenus. The following relaxation of the 
diaphragm is of the greatest use for the transdiaphragmatic way and for 
any operation on the diaphragm- 

The patient is on the table in an upright position with the right arm 
lifted; general anesthesia is always preferable especially because pressure 
can be exerted on inspiration and the lung blown up when required. 
The shock, when opening the thorax, is much less than under local 
anesthesia. 

The incision is made along the sixth or seventh intercostal space and 
broken ribs are removed. (Figs. 120, 121). We sometimes see serious 
hemorrhage from a hidden intercostal artery which erroneously was 
considered to be a hemorrhage from the liver. Removal of these pieces 
of ribs and proper ligature is the safest method. Ligature around the rib 
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Fio. 120. Tran a pleural exposure. Gun shot wound of the liver. 

to stop hemorrhage, ns has been advocated, even with the aid of a gauze 
compression is by no means safe. 

Bleeding wounds in the lung are sewn up, then the hole in the dia- 
phragm is incised to explore the convexity of the liver. The diaphragm 
is stitched up with the pleura in order to shut off the pleural from the 
abdominal cavity (Fig. 122). 



Fio. 121. Traa'pleural exposure. Gun shot wound of the liver. 
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Fio. 122. Chest-liver penetrating shot wound. Chest cavity separated 
from the abdominal cavity by suturing the diaphragm to the abdominal 
wall. Closure of the chest wound. Blood from the closed haemothorax later 
to be aspirated. 

The wound in the liver must be thoroughly explored especially in the 
case of shell-shot wounds and missiles and pieces of clothes and other 
foreign bodies carefully removed (Fig. 123). Serious suppuration may 



Fxo. 123. Removal of a foreign body from the liver 
by transpleural route. 
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follow when infected bodies are left and even gas gangrene has been 
observed, the glycogen of the liver cells being a good medium for the 
growth of the anaerobic germs. 

In most cases there can be no question of a real liver suture and plug- 
ging seems to be the only method which can be applied. 

It is advisable to stitch the diaphragm together and to allow a drain- 
age of the liver wound through an additional incision. Permanent suc- 
tion through a small drain introduced in a separate intercostal space is 
advisable. 

When this thoracic part of the operation is finished, we must decide 
whether an additional laparotomy is necessary. All depends on the gen- 
eral state of the patient. It is sometimes wise to interrupt the operation 
at this stage and to perform a blood transmission. I have several times 
performed ft laparotomy even four hours later under spinal anesthesia 
when the patient has recovered from the transthoracic operation. 

In cases in which we think that all can be done by laparotomy, we 
start with the laparotomy under spinal anesthesia and expose the liver, 
according to the methods already mentioned. (See Anatomy.) 

The blood in the pleural cavity can be removed later by aspiration. 

I quote an example of how a wounded soldier, apparently in a des- 
perate condition, can stand the strain of a very extensive operation and 
recover. This is the case observed by A. L. Lockwood of Toronto, and 
cited by G. Gordon-Taylor: 

C. Gunner, age 31 years, on arrival at the casualty clearing station on 
September 27, 1917, was in a moribund state. He was given active re- 
suscitation; he was placed in a heated bed and sleep was induced with 
pantopon; 20 ounces of a 2 per cent sodium bicarbonate solution were 
given intravenously. The patient rallied very slowly and he was given a 
600 cc. transfusion of blood. 

His condition improved after the blood transfusion and he was taken 
to the operating room six hours after admission. His pulse rate was 130 
to 140; blood pressure, 85; respiration, rapid. The wound of entry was 
large and admitted three fingers; it was not a sucking wound and was 
situated just to the right of the body of the third lumbar vertebra. There 
was a dirty, jagged wound of exit admitting three fingers over the costal 
cartilage of the ninth rib in the anterior axillary line. Through the latter 
wound there was a hernia of the colon presenting a gangrenous patch the 
size of a quarter with a half inch laceration. 

Local and paravertebral anesthesia were administered. An incision 
was made from the side of the third lumbar vertebra to the cartilage of 
the ninth rib. Excision of entry and exit wounds with the deep muscles 
of the back was carried out en masse. The gangrenous patch in the bowel 
was excised and closed with linen thread and the colon replaced. The 
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chest was completely filled with clotted blood. There was a wide lacera- 
tion of the diaphragm five inches long and one-quarter to one-half inch 
from its parietal attachment. The lung was almost completely collapsed. 
The pleura was cleansed and the diaphragm sutured with catgut. A 
laceration of the outer and lower border of the liver admitted three 
fingers but the liver was not bleeding. The peritoneum was swabbed dry 
and closed. The right kidney was split across beyond repair so nephrec- 
tomy was performed. The operation was carried out entirely with para- 
vertebral and local anesthesia; no gas and oxygen were used. The 
patient’s recovery was uneventful and he left the hospital on November 
10, 1917. 

Injuries to the Bile Ducts. Isolated injuries to the external bile 
ducts and to the gallbladder through external force are rarely observed. 
In most cases it is an additional injury to the rupture of the liver. A 
severe crushing accident is an important cause but rupture occurs also 
following only a slight force. 

Symptoms arc pronounced and localize in the right upper abdomen 
when the primary shock is over. But there are cases in which abdominal 
symptoms appear rather late, say after twelve hours. It is interesting to 
note that sometimes fat necrosis has been observed without any lesion 
of the pancreas apparently due only to the activity of bile. 

The gallbladder may be found ruptured or pierced by a missile; it 
may be torn from the liver bed which is found to bleed considerably; in 
rare cases the common duct is torn. In all these cases, the amount of 
bile drained into the abdominal cavity is considerably higher than after 
a rupture of the liver. The signs of biliary peritonitis develop quickly; 
jaundice is already observed after a few hours. 

Surgical Injuries to the Bile Ducts. Most of the injuries to the 
bile ducts take place when a cholecystectomy for gallstones is performed. 
This mishap occurs mostly when operating under difficult conditions 
and when the inflammatory process obscures the anatomy; in other cases 
it is due to anatomical abnormalities which are rather frequent in this 
region. 

The diagram (Fig. 105) shows some stages of operation in which in- 
juries may occur: 

(1) When one pulLs on the cystic duct or on the gallbladder, the wall 
of the common duct may come into the ligature so that a stenosis or total 
obstruction results. 

(2) The anatomical anomalies shown in the diagram easily explain 
why such injuries may take place. In one case a single hepatic duct 
emptied directly into the bladder with one single common duct as out- 
let; obviously when removing the gallbladder the dividing of the main 
duct was inevitable (Fig. 124). 
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(3) In the case of common duct stones and partial necrosis of the wall 
due to impacted stones and inflammation, the wall can become friable 
so that it may easily be torn when working there. 

(4) In duodenal ulcers the common duct may be imbedded in firm 
scars, so that when mobilizing the duodenum for resection, the common 
duct may be ligatured and divided in its supraduodenal or retroduodenal 
part. 

In order to avoid such surgical injuries some rules can be established: 



Fia. 124. Direct opening of hepatic duct into the gallbladder. 

(1) The laying bare of the cystic duct should always be performed 
very carefully and the common duct as well as the hepatic duct laid bare. 
The ligature around the cystic duct near the bladder should be put on 
first nnd no clamp should be used for the occlusion of the proximal end 
of the cystic duct. The procedure of clamping the cystic duct, being one 
of the main sources of injuries to the common duct, should be strictly 
condemned. 

(2) The wall of the common duct may be easily grasped between the 
blades of a forceps and tied or stenosed by the ligature. In other cases 
the wall may be damaged and become necrotic after a few days. The 
cystic duct should be divided between two ligatures not too near to 
the common duct. Anatomical abnormalities must be carefully con- 
sidered in every special case. 

(3) Before performing the exact peritonization and closing of the 
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abdominal wall we must satisfy ourselves that the common duct is not 
injured and the outflow of bile from the liver is secured. 

Treatment of Injuries. Most of these injuries could be avoided even 
in case of rare abnormalities. When such a mishap occurs, it is of the 
greatest importance that it be noticed at once. Then the repair of the 
damage is not too difficult; at any rate, it will be much easier than at a 
second operation. 

In such re-operations the repair may be extremely difficult because of 
the formation of scars which may lead sometimes to an obliteration of 
the common duct. It must be stated that in many instances, unfor- 
tunately, the injury is not observed during the first operation and is 
diagnosed only by the consequences which demand a second operation 
for repair of the damage. 

While in injuries brought about by external force or accident the in- 
creasing symptoms of general peritonitis are strict indications for im- 
mediate operation, the symptoms arising from a surgical injur}' — mainly 
a ligature of the hepatic duct — are not very striking at first. Jaundice 
sets in gradually but the general conditions may not appear to be serious. 
This state may last for months before a second operation is decided upon 
due to the gradually deteriorating symptoms. 

The stasis of bile above the obstruction may cause enormous dilata- 
tion of the intrahepatic bile ducts leading even to intrahepatic rupture 
and to perforation through the diaphragm into the lung and into the 
bronchi. 

Such a case was reported recently by Douglas Miller: 

A man, 52 years of age, was operated upon several times for attacks 
in the right hypochondrium: gastroenterostomy, cholecystectomy and 
two years previously cholecystostomy have been performed. The last 
operation, in which the hepatic duct apparently had been ligatured, was 
followed by very intense pain and jaundice. One and a half years after 
the last operation he coughed out a large quantity of bile and since then 
up to 60 ounces of bile a day. 

Operation and postmortem examination revealed a cicatricial obstruc- 
tion of the hepatic duct at the porta hepatis. Proximal to this the ducts 
were enormously dilated; a small fistulous track led from one of these 
dilated ducts to the upper surface of the liver and then through the 
diaphragm into the lung. 

Repair of Bile Duct Injuries. The procedure depends mainly 
upon the place of the injury and upon the part of the undamaged duct 
that is left. We may distinguish between the following operations: 
(1) direct suture; (2) implantations; (3) side-tracking operations, i.e., 
cholecystoduodenostomy; and (4) plastic operations. The following di- 
agram presents a scheme of operations for repair (Fig. 125). We may 
summarize the idea of the plan as follows: 
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I. Injuries of the cystic duct 
Repair: cholecystectomy 

II. Common duct torn in its supra- or retroduodenal part 
Repair: 

(a) direct suture over a tube 

(b) ligation of the distal end and choledochoduodenostomy 

(c) ligation of both ends, eholecystoduodenostomy or chol- 
ecystogastrostomy. 



Fig. 125 Schema of injuries to the bile ducts and their repair. I, Cystic 
duct is torn: Repair: Cholecystectomy. II. Common duct is divided near 
the. duodenum*. Repair: <fi\ direct suture over rubber tube. f.b\ Ligature 
plus eholecystoduodenostomy, (c) Ligature plus choledochoduodenostomy 
JII. Hepatic duct is divided in the middle: Repair: direct suture with or 
without aid of rubber tube. IV. Hepatic duct is divided next to the liter. 
Repair: plastic operation: (a) Implantation over rubber-tube into the 
stomach or duodenum, (h) Plastic method after Walton-Moynihan. V. 
Intrahepatic injury of main hepatic duct: Repair: (a) Drainage with 
rubber tube through the common duet into the duodenum, (b) Packing of 
the liver wound. 

III. Injury of the hepatic duct 
Repair: 

(a) proximal stump long enough and suitable: direct end-to- 
end suture of the divided ends 

(b) proximal stump too short and unsuitable: 
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Repair: plastic operation over a rubber tube 

(a) cholangioenterostomy 

(b) hepaticoenterostomy 

IV. Injury of big intrahepatic duct Giver rupture) 

Repair: drainage into common duct 

Treatment of Injuries. The best way to secure a safe outflow of 
bile from the liver into the duodenum is always the reconstruction and 


Fio. 12 6 . Common duct opening directly into the gall-bladder. Only dis- 
covered after cholecystectomy. Repair as shown, patient well two years 
later (Pribram). 


direct suture of the injured duct. But we must admit that sometimes 
this task is so difficult and even impossible that we are forced to secure 
the outflow by other means (implantation of the duct into the intestines, 
side-tracking operations). 

Technic of the Suture. It is most important that the anatomy be 
perfectly clear so that both stumps may be easily brought together. The 
tendency of the common duct to heal is favorable. Simple sutures or 
mattress sutures everting the inner coat can be used, so that the inner 
layers of the common duct come together. 

Personally, I am in favor of fine silk as is used for sutures of arteries. 
It is kept ready with an eyeless needle in sterilized paraffin oil. Catgut 
sutures are usually too thick and enlarge the holes after operation during 
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the reabsorption to such an extent that leakage is more likely than when 
we use silk. 

Suture Over a Rubber Tube. In many cases, especially when the 
duct is narrow, the end-to-end suture can be facilitated when performing 
it over a rubber tube. One end of the rubber tube is introduced into 
the proximal end and the other into the distal end (Fig. 126). When the 
sutures are placed the tube can be removed before the threads are tied, 
but I found it always better to leave the rubber tube and to complete 
the whole suture over a so-called lost tube. 

In these cases the distal end of the rubber tube should pass through 
the papilla into the duodenum tp an extent of two or three inches. We 
can then be certain that the rubber tube will be expelled after a few 
days with the stool. It is advisable to observe the following rules: 

(1) The rubber tube should not be too thick so that it can be easily 
moved. 

(2) It should be thoroughly lubricated with paraffin oil in order to 
facilitate the expulsion. There is a definite advantage in leaving the 
drain. The suture is much safer through the absence of any pressure in 
the bile ducts. Leakage and stenosis in the part of the suture are very 
rare. 

On the other hand, when no rubber tube is left and when there is 
leakage and the suture gives way in some parts, there is some danger of 
a shrinking through the formation of a bigger scar around the suture. 

Over the first layer of the suture a second one should always be made 
using the surrounding tissue of the hepatoduodenal ligament, some fatty' 
serous tissue from the neck of the gallbladder or even a free graft strip 
of omentum. In this way, even in the case of gaps and when the wall 
is friable because of inflammation, the suture can be made quite safe. 

I have had very satisfactory' results with these sutures over a tube. 
Since I have used the technic of allowing the tube to reach far enough 
down into the duodenum, all these tubes have been discharged after 
a few days. In previous cases when this technic of haring the distal 
end ol the rubber tube to pass through the papilla into the duodenum 
was not yet observed, the rubber tube was still there after several 
years. I have followed up some cases in which such a drain has been 
observed at x-ray examination for months and even years without 
causing any trouble. I might also have chosen too thick a drain when 
operating. In one case — it was a colleague I operated upon — I have ob- 
served the drain still lying in its place five and a half years after the 
operation. He did not complain of any trouble. The following is an 
account of this case: 

A stone, the size of a small hazelnut, had just passed through the 
enlarged cystic duct into the common duct, causing an extended neerosi 1 ' 
in the wall of the common duct which w-as friable, so that when working 
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up the stone the wall was entirely torn. There was a big gap in the an- 
terior and lateral wall and because of the inflammatory state of the sur- 
rounding tissue it w'as difficult to approach the two ends. A rubber tube 
was placed into the duct and I performed a suture as well as I could, 
but it was satisfactory only to a certain degree on the posterior and 
medial sides. The rubber tube was still to be seen through the gap in the 
sutured duct. With surrounding tissue and a piece of free graft omentum 
I tried to cover the gap. The distal end of the tube did not pass through 
the papilla into the duodenum. Another drain was left in the peritoneal 
cavity and the abdominal wall closed. Very little leakage of bile occurred 
in the next days. Recovery was uneventful. After five and a half years 
the x-ray examination showed the rubber tube still lying in its place 
without causing any trouble. 

But on the other hand, I should like to mention another case in which 
a secondary operation may become necessary. The patient, a woman, 
died from pneumonia one year after operation. At the postmortem ex- 
amination the rubber drain was found entirely incrustated. On the upper 
end there was found a stone with a funnel one-sixth inch wide, so that 
the bile could pass into the duodenum without any stasis. The patient 
had no trouble at all with her biliary system. However, it is certainly 
advisable that when operating over a rubber tube we should observe 
the technical rules which secure a discharge of the prosthesis after a few 
days. 

I have injured the hepatic duct in the case of an anatomical abnor- 
mality in which a short hepatic duct emptied directly into the gall- 
bladder (Fig. 124) and in which there was only one duct leading from 
the gallbladder into the duodenum. When the gallbladder was removed 
this single duct was entirely divided and had to be reconstructed by 
direct suture (Fig. 126). The following is the case report: 

The patient, twenty years of age, had been operated upon on De- 
cember 13, 1927, for an acute condition of the gallbladder. The ab- 
domen was opened by a costal incision and the gallbladder was found 
deformed and in a state of acute inflammation. The gallbladder con- 
sisted of three parts separated from each other by transversal folds, 
so that a communication between these three parts had the width 
of a small finger. There was some turbid effusion in the abdominal 
cavity. The whole inside of the gallbladder was eleetrocoagulated and 
the neck of the bladder containing the proximal part of the cystic duet 
was removed. It seemed that the main hepatic duct was emptying into 
the gallbladder and the divided duct, supposed to be the cystic duct, 
appeared to be the common duct. The fact was that the cystic duct was 
entirely absent and a gap appeared between the hepatic duct the width 
of the whole gallbladder. The hepatic stump was only a quarter inch 
long. Repair was carried out in the following way: 
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A small rubber tube was introduced with its one end through the 
hepatic duct into the liver and the other end into the common duct, 
the ligature of which had been removed. Over this rubber tube which 
was allowed to pass down into the duodenum an end-to-end suture with 
fine paraffin silk was performed. The suture was covered safely with 
some serous tissue remaining from the gallbladder. The serous layers, 
remaining after the coagulation of all other layers of the wall of the 
gallbladder, were folded in and sutured together over the liver bed. The 
suture of the hepatic duct appeared to be so safe that the abdominal 
wall was closed without further drainage. Recovery was uneventful ex- 
cept for a slight jaundice which disappeared after a few days. The rubber 
tube was discharged with the stool after several weeks. 



Fio. 127. Telescopic method of repair of the hepatic duct. 


For similar cases, provided a longer hepatic stump was left, C. H. 
Mayo has advocated his telescopic method which was reported by 
Walters in 1924. Two suture* are placed in opposite sites of the proximal 
end of the cut hepatic duct. Both ends of the suture are passed into the 
lumen oi the cystic duct, so that the hepatic duct can he telescoped 
into the cystic duct. Each suture is passed out through the wall so that 
the ducts can be held in position when the ends of each double suture 
have been tied together (Fig. 127). 

There arc cases in which the direct suture and reconstruction is either 
too difficult or not safe enough. This is the case when the injury is either 
too low down in the supra duodennl-retroduodenal part of the duct or 
too high up in the hepatic duct near the liver. 

The Common Duct Torn in the Supraduodenal Part: Technic. 
An end-to-end suture of the common bile duct sutured over a rubber 
tube which is inserted through the papilla into the duodenum might 
still be performed fairly low down; this should be tried first. 


URGENT SURGERY OF LIVER AND BILE DUCTS 323 

When this procedure proves impossible or too difficult, an implanta- 
tion of the proximal part into a new opening of the duodenum at a 
suitable place can be performed. But it seems better to ligate both ends 
of the tom duct and to perform a wide lateral anastomosis (choledocho- 
duodenostomy). If the gallbladder has not been removed, the outflow of 
bile can also be secured by performing a choJecystoduodenostomy or a 
cholecystogastrostomy, provided the cystic duct is not damaged. 

Plastic Operations for Reconstruction. These plastic operations 
are rarely necessary in the case of a fresh injury in which a direct re- 
construction of the injured common duct is practically always possible. 
We have to perform such a plastic reconstruction mainly at a so-called 
secondary operation, that is to say, when the common duct has been 
injured at the first operation and the injury has been overlooked and the 
patient has to be operated upon again for the sequelae of this injury. 

In the majority of cases the operation is unduly postponed, but one 
can understand that a surgeon is rather reluctant to advise a second 
operation soon after the first. On the other hand the cause of the com- 
plications mentioned above is not always quite clear. So there is still 
some hope left in the back of the surgeon’s mind for spontaneous healing. 
The serious decision for a second operation is taken only after a long 
time when the general state of the patient definitely deteriorates. Then 
the necessity for an urgent operation arises and the patients arc poor , 
risks. 

Operative Procedures. Many surgeons advocate the use of a fresh 
incision and avoidance of the old scar so that an approach to the difficult 
area can be done through the free peritoneal cavity with the anatomy 
clearly in view. This seems to me unnecessary. First of all, I do not 
think that the new approach reveals the anatomy of the injured duct. 
On the other hand there is a definite advantage in limiting the operative 
field. (See, Local Immunity). I found it best to make an incision which 
leads directly to the operative field. 

The exposure is more important than anything else. I always make 
the costal incision for these secondary operations no matter where the 
first incision might have been. Even in the presence of large adhesions 
and scars the clear exposure of the operative field is not too difficult. 

The first task is to find the edge of the liver. It is sometimes adherent 
to the peritoneum, so we should always open the peritoneum first in a 
free part where there are not too many adhesions. 

With the left forefinger as a guide we proceed safely toward the edge 
of the liver and carefully divide all adhesions. With the same forefinger 
we can easily distinguish between a scar and an adherent organ. In this 
way it is not too difficult to lay bare the whole undersurface of the fiver. 
We separate the adherent pylorus, the duodenum and colon. When these 
organs are separated they are walled off with large abdominal pads 
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saturated in hot saline solution. A self-retaining retractor is inserted. 

The difficult task is not so much the exposure of the operative field 
but the identification of the common duct. In all cases the big portal 
vein is a helpful guide to find the place of the common duct. When the 
duct has been injured very low down in its supra- or retroduodenal part 
and an obliteration or stricture has developed, the proximal end of the 
common duct can be found enlarged to the width of a thumb. In these 
cases not only the exposure but also the repair (anastomosis with the 
duodenum) can easily be performed. But in cases in which the middle or 
upper part of the hepatic duct has been injured, the identification of the 
obliterated distal end of the common duct can be difficult. This part 
downward from the scar can be obliterated and transformed into a 
fibrous band so that no duct and no lumen exists any more. 

Furthermore, the shrinking of the scars may change the normal rela- 
tion to other structures. When the duet is obliterated, the portal vein 
may easily be taken for the bile duct. An important rule is not to rely 
only on the structure when opening the assumed duct but to aspirate 
first the content with a fine needle. 

The most difficult task arises when the whole duct from the duodenum 
up to the liver is transformed into a scarified fibrous band with only a 
small or no lumen inside. The hepatic stump left in these cases may be 
only one-half to one inch long. In trying to find the lumen we make 
longitudinal incisions through the fibrous tissue until we reach a greenish 
stained lumen. We try to introduce a probe downward and upward. But 
it is always easier to start with the exposure of the hepatic duct which, 
owing to enlargement, can be found easier. The aspiration of bile is al- 
ways advisable before opening. 

In some cases this part is transformed into a firm mass of scars. Then 
needling and aspiration are the only means to guide us to at least one 
of the hepatic ducts. Along this needle a small incision is made and a 
probe introduced downward. We should do our best to expose the he- 
patic duct as much as possible downward; every quarter of an inch we 
gain is of the greatest importance for the plastic operation we have to 
perform. 

In these secondary operations the distal part of the duct is rarely fit 
for a direct suture, as in cases immediately after an injury in which these 
direct sutures can be applied. If plastic operation has to be performed, 
the kind of operation depends on special conditions and conrists in the 
implantation of the hepatic duct either into the stomach, the duodenum 
or into another intestinal loop. The gallbladder has in most cases been 
removed in the first operation, so it can not be used any more for the 
purpose of securing bile drainage into the intestine. When a certain 
length of the hepatic stump has been saved, the direct implantatiou over 
a rubber or vitallinm tube is the best procedure. 
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The rubber tube is introduced first into the hepatic duct. A small 
incision is made on the stomach or duodenum, the lower end of the 
rubber tube is introduced and a direct suture betweon the hepatic duct 
and the duodenum or stomach is performed. The rubber tube which can 
be very small in these cases can then be pushed down toward the 
stomach or the duodenum. 

The suture is reinforced by a second row, suturing over it surrounding 
tissue or omentum. When we do not feel quite safe about the suture, it 
is wise not to push down the rubber tube over which the suture has 
been performed but to leave it for a spontaneous discharge which usually 
takes place after a few days. 

Drainage of the abdominal cavity is not necessary but it must be left 
to the judgment of the surgeon as to how he feels about the control of 
bleeding from the scars and the safety of the suture. jN t o harm is done 
when a drain is left as long as it does not come too near to the suture. 
In case a very short hepatic stump is left Voclcker’s method has proved 
very satisfactory. 

Voelcker’s Method (Fig. 128). A rubber tube is introduced into the 
hepatic stump and firmly fixed with a catgut suture. A small incision is 
then made into the duodenum, a forceps introduced and pushed upward. 
Over this forceps another small incision is made and the lower end of 
the rubber tube is grasped and pulled through both incisions through 
the duodenum. The duodenum is pushed upward over this tube so that 
the hepatic stump comes down into the lumen of the duodenum. The 
outer wall of the duodenum is sutured around the hepatic duct with 
interrupted sutures or by two purse-string sutures. The rubber tube has a 
sidehole inside the duodenum so that the bile drains into the intestines. 
The lower hole in the duodenum is either directly closed with purse- 
string sutures around the tube or, as Voelcker has advocated, in the form 
of a Witzel canal. The lower end of the rubber tube is allowed to pass 
through the incision of the abdominal wall. After a certain time the 
rubber tube can easily be removed and the fistula will close. 

I had good success with this technic in a very difficult case. The im- 
plantation of the short hepatic stump was made into the stomach (Fig. 
129). 

In the first operation the hepatic duct was apparently divided high 
up under the liver. The patient was admitted for a reoperation with 
jaundice lasting for more than five months. The jaundice had set in 
shortly after an operation for gallstones. It was supposed that an over- 
looked stone had led to another obstruction. The operation was post- 
poned in the hope that the stone would pass spontaneously the papilla. 
When operating, it was difficult to recognize the normal anatomy. In 
firm scars of fibrous tissue no common duct was found at all, only a 
fibrous band replacing the former common duct. It was a total oblitera- 
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Fig. 129. Implantation of the hepatic duct into the stomach over a rubber tube. 
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tion. A stump of the hepatic duct, one-half inch long, was at last found. 
It was necessary somehow, tojsuture this stump into the stomach, but 
any attempt at direct suture resulted only in damaging the wall of the 
hepatic stump and in shortening it more and more in this way. A small 
rubber tube was then introduced through the hepatic stump. A catgut 
suture was laid right through the wall of the hepatic stump and the ends 
of the suture tied around the rubber tube. In this way the approximated 
stump was firmly fixed on the rubber drain and I had a good grip to pull 
down the hepatic stump into a button hole over the stomach. This was 
done in the following way: One button hole incision was made in the 
stomach for the implantation of the duct. The rubber tube was allowed 
to pass through another hole'near the greater curvature. A purse-string 
suture was laid loose around the upper hole in the stomach. Three fine 
catgut sutures v ere laid through the hepatic stump, rubber tube and wall 
of the stomach and in this way the stump was fixed. Over these sutures 
and the stump the purse-string suture was tied, so that the stomach 
came in close contact with the undersurface of the liver. The lower 
end of the rubber tube, which was held by the assistant during the whole 
operation, was cut and allowed to slip into the stomach. The opening 
in the stomach was then closed. A small rubber drain for drainage of 
the abdominal cavity was introduced for safety near the pylorus. Re- 
covery was uneventful; no leakage of bile took place. The rubber tube 
was discharged three weeks after operation. The new bile duct showed 
no symptoms of biliary obstruction in the follow-up. 

Another satisfactory plastic method of implantation of a very short 
common duct into the duodenum has been described by G. Walton: 

Walton’s Method (Fig. 130 upper half). Walton reconstructed the 
common duct by the use of a pedunculated flap formed from the duo- 
denal wall. In this case the common bile duct w'arfound obliterated after 
an operation for common duct stones. A tongue-shaped flap peduncu- 
lated in its lower end was cut from the duodenal wall and reflected 
downward. The gap was closed except for an opening about the size of 
the bile duct at the basis of the flap. A rubber tube was introduced into 
the stump of the bile duct with its lower end in the opening of the duo- 
denum. The flap was reflected upward and sutured to the anterior part 
of the bile duct, while the lateral margins of the flap were sutured to the 
duodenum along the side of the rubber tube. In this way the artificial 
lower end of the bile duct was lined on its posterior aspect w ith a serous 
surface of the duodenum, while the anterior wall was formed by the 
mucous membrane of the flap. 

Walton’s method was used and recommended uKo by W. J. Mayo. 
Moynihan has modified this method (Fig. 130, low er half). He pitted tin* 
flap which he had pedicled on its upper end completely round the tube so 
that this artificial common duct was lined throughout with mucou* 
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membrane. He has applied this method in three cases. Transplanted 
grafts with fasciae, or by segment of a vein (jugular vein) or by a calf’s 
artery have not proved useful in experimental work. 



Fig. 130 Plastic reconstruction of the common bile duct. Upper half. Walton method. 
Low cr half. Moynihan method. 


In cases in which there is practically no stump of the hepatic duct or 
only an opening in the lower surface of the liver the following plastic 
method developed by Goetze has proved successful: 
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Goetze’s Method (Fig. 131). From the anterior wall of the duo- 
denum a rectangular flap pointing to the liver, one inch long with a 
basis of one-half to one inch, is formed. The opening into the duodenum 
is closed leaving only a hole the size of the hepatic duct. Meanwhile the 



Fio. 131. Direct anastomosis between the liver and duodenum CoeUt'a method 

hepatic duct is dilated and split upward into the liver, so that a hole 
results into which the flap can be inserted. This is done in the following 
way: 

A thread through the point of the flap is armed with two needles 
passed into the split hepatic duct and knotted on the anterior surface 
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of the liver. In this way the duodenal flap is pulled into the hepatic 
duct, the serous part being close to the divided liver tissue over the 
hepatic duct. The duodenum is fixed to the undersurface of the liver. 
This operation can be done with or without a rubber tube which should 
not be longer than one to two inches for these cases. 

This method has been used in six cases with two deaths. The follow- 
up of the patients showed satisfactory results with no cholangeitis. 

Intrahepatic Injury of a Hepatic Duct. This injury may be caused 
by a deep rupture but in most cases is caused by a gunshot wound as in 
war injuries. In these cases the injured hepatic duct is found in the depth 
of a large hole. A bile fistula often results in cases otherwise healing. 

Treatment. A proper suture of the intrahepatic duct can rarely be 
made. I have successfully treated such a case by performing laparotomy 
opening the common duct and introducing a rubber drain into the upper 
end of the injured hepatic duct and farther into the liver. The common 
duct was sewn watertight around the rubber tube; the other end of the 
drain was brought outside the abdominal cavity. 

The liver wound was packed with gauze soaked in olive oil and the 
greater portion of bile drained outside. The leakage from the liver wound 
diminished at once and the wound was closed after three weeks. Then 
the drainage tube was removed and the patient was dismissed with both 
fistulac closed. 

In another case I introduced a small rubber drain having a number 
of side holes. One end was passed into the central part of the hepatic 
duct and the lower end was passed through the papilla into the duo- 
denum. The rubber drain was fixed with a catgut suture, the ends of 
which were left long and fixed with adhesive plaster to the skin so that 
the rubber drain would not ho discharged too early. The liver wound 
healed and the whole length of the rubber drain was discharged with 
the stool after three weeks. 

Cholangioenterostomy (Kehr-Enderlen). When no hepatic 
stump is found at all a direct communication between liver and duo- 
denum or jejunum can be performed. An incision is made on the under- 
surface of the liver not too near to the hylus in order to avoid larger 
blood vessels. This incision is done by diathermy. When a large bile 
duct has been found, a small rubber tube with a side hole Is introduced, 
one end of which is allowed to pass into the jejunal loop or better into 
the stomach. The stomach is carefully sutured around this liver opening. 

But it must be said that the results of this operation are not very 
satisfactory. If dissection is carried out carefully the main hepatic duct 
can practically always be found in the scars, so that an anastomosis of 
this hepatic duct with the duodenum or the stomach by one of the previ- 
ously described methods can be performed. 
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Postoperative Bile Fistulae. Bile fistulae when lasting for a longer 
time may also become a matter of urgent surgery. Fistulae after chole- 
cyst ostomy are not discussed here; they do not require urgent surgery 
except when combined with a total obstruction of the common duct 
after an injury of the bile duct. Bile fistulae as a result of stones will be 
discussed in a special chapter. 

The deteriorating general state of the patients, progressive anemia, 
general atrophy, especially osteoporosis, make the operation urgent and 
must always be performed even in poor risk patients. 

Cholangiography has proved very helpful in producing evidence for 
the cause and the position of the obstruction. It should always be done 
before operating. A small rubber tube is introduced as far down as pos- 
sible into the fistula and lipiodol injected on the x-ray table while the 
photograph is being taken. The reasons for the obstruction can be given 
as follows: (1) a stone which had been overlooked; (2) a cicatricial ste- 
nosis; (3) an operative injury to the bile duct; and (4) a malignant 
growth. 

In many cases the cicatricial stenosis was due to the application of 
drainage with a T-tube. When removing this T-tube weeks later, the 
bile duct already in a state of cicatrization was torn again. This sec- 
ondary injury results very often in a stricture and bile fistula. But these 
cases become rather rare, since most surgeons have abandoned the 
T-tube. 

Treatment. The treatment depends on the portion of the fistula and 
the size and length of the common duct. One or another of the above 
mentioned plastic operations can be performed in suitable cases. As a 
special operation for such bile fistulae, a procedure must be discussed 
here in wliich a track of the fistula itself is used for an implantation into 
the intestine, into the stomach or into another intestinal loop. 

A probe is introduced into the fistula and the external opening is cir- 
cumsized and grasped together with the probe bj' forceps. Then the 
whole track is mobilized. It is advisable to mobilize this track not more 
than necessary because the blood supply is sometimes poor. It should be 
mobilized so that the implantation into the intestines can be performed 
earih-, the track being twisted and bent without any tension. The ex- 
ternal skin portion of the fistula can be excised or also left. 

Injuries to the Hepatic Vessels: Injuries to the Hepatic Ar- 
tery. Injuries to the hepatic artery by external force, stab wounds, 
gunshot wounds, etc., have a high mortality even when immediate oper- 
ation follows the injury. The bleeding and the loss of blood is always 
severe. On the other band when the bleeding is controlled by ligation 
of the hepatic artery the danger of necrosis of the liver is considerable. 
But this fact depends upon the place where the artery has been injured 
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and whether a so-called accessory hepatic artery is present. This occurs 
in about 25 per cent of the cases. 

There arc instances reported in which the ligation of the hepatic ar- 
tery has been performed without any damage. Ligation of the common 
hepatic artery proximal to the division into the right and the left he- 
patic arteries and proximal to the gastroduodenal artery can be per- 
formed without any damage to the liver, because the great amount of 
anastomosis is sufficient to secure the necessary blood supply. 

Injury to the cystic and hepatic arteries is not infrequent when oper- 
ating upon the cystic duct during a cholecj'stectomy. The following are 
the dangers to be avoided: 

(1) When the cystic artery > s ligated and divided between two liga- 
tures, the ligature slips sometimes from the proximal stump while ma- 
nipulation is carried on in this region. It is pushed away especially by 
the retractor with which the assistant holds the liver. The bleeding may 
be serious. The surgeon tries to grasp the vessel without having a good 
view of the field because the operative area is constantly filling with 
blood. Injury can be done in these cases to the hepatic artery as well as 
to the portal vein and to the hepatic duct. In such a mishap it is much 
better to check the blood supply by compressing the hepatoduodenal 
ligament with two fingers of the left hand and to use an artery clamp 
when the cystic artery is clearly seen. 

But I think the best way to avoid such a mishap is not to divide the 
cystic artery at all. A simple ligature of the cystic artery is sufficient, 
for the serous layers in the neck of the bladder are preserved. A sub- 
serous excision may be done, or in difficult cases an electrocoagulation. 

(2) In cases of abnormalities the cystic artery or hepatic artery can 
be divided in an unusual place. The laying bare of the anatomy is the 
best safeguard against such a mishap which may have serious conse- 
quences. 

(3) Traumatic aneurysm of the hepatic artery is a third danger. 
When suturing the common duct or through the serous tissue of the 
gallbladder, the point o! the needle may injure the wall of the hepatic 
artery. Bleeding may not take place at once but damage to the wall is 
sufficient for the development of an aneurysm. The following case seems 
to be worth mentioning: 

A young woman, twenty years of age, was operated upon for acute 
cholecystitis (strawberry gallbladder), with a subserous excision and 
primary closure of the abdominal wall on September 19, 1932. The pa- 
tient did not feel well the whole time after operation and was brought 
to the hospital after a sudden severe hematemesis which occurred when 
she was walking on the street. A blood transfusion was given and the 
patient recovered. A gastric ulcer was assumed as the cause. But an 
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x-ray examination did not show any sign of this and in spite of diet 
there was always occult blood in the stool. On January 7, 1933, (three 
months later) severe hematemesis occurred again. A blood transfusion 
of 350 cc. was given with good results. On January 24, another hema- 
temesis occurred and operation was decided upon. This was performed 
on February 13. A laparotomy incision was made in the median line, 
the duodenum was displaced, and a tumor the size of a chicken’s egg 
was found behind the choledochus. Isolation of the tumor revealed a 
pulsating aneurysm belonging to the hepatic artery. There was a com- 
munication between the aneurysm sac and the common duct. ligature 
of the artery and several vessels was done and the patient had an un- 
eventful recovery. 

It must be assumed that when operating the first time the hepatic 
artery was injured by a needle, an aneurysm developed and recurrent 
hemorrhages occurred through the common duct. 

There are two other cases of traumatic aneurysm reported in recent 
literature (Ecarius and Kiintscher). 

Injuries to the Portae Vein. Injuries to the portal vein through 
external force are observed through stab or gunshot wounds. The 
mortality is very high. A ligature to control hemorrhage is definitely 
fatal and compression by plugging gauze is also no method which prom- 
ises success. Thrombosis of the portal vein is tbe inevitable sequel and 
the result is eventually the same as when a ligation is performed. The 
only way to save the patient is to make a proper suture of the opening. 
From a technical point of view these sutures are not too difficult. 

Surgical injuries to the portal vein had been observed on several oc- 
casions, especially in dense scars during a secondary operation. 

As already mentioned, scars can either displace the common duct 
which then overlies the portal vein, or, when there are only scars left 
of the common duct, the portal vein may be mistaken for the common 
duct and be opened. The best safeguard against such an injury is aspi- 
ration through a fine needle when any doubt arises before the opening 
oS the assumed duel. 

In order to perform a proper suture of the portal vein partial com- 
pression with the assistant’s fingers or by use of a clamp is indispensable. 
The curved clamp as used in Trendelenburg’s operation for pulmonary 
embolism can be applied. 

In case one of the branches of the portal vein at the porta bepatis is 
injured its ligation can be performed. Infarction in the respective liver 
lobe or in a part of it may happen, but the patient will likely recover. 

There are cases reported (Nauwark) in which, after occlusion of the 
right branch of the portal vein, the right liver lobe has shrunken to the 
size of a fist while the left lobe hypertrophied to the size of a normal 
liver. 
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LIVER ABSCESSES 

Genekal Signs. The diagnosis of liver abscesses is not easy. Stormy 
and striking clinical signs are not regular; the development may be 
rather slow. Nevertheless early diagnosis and early operation can be 
life-saving. I would not say that liver abscesses, especially solitary ab- 
scesses, cannot heal without surgical interference. We undoubtedly see 
sometimes the remnants of a healed liver abscess or at least an abscess 
which has become avirulent without any signs of spreading and without 
causing further necrosis. 

But more often we find at the postmortem examination liver abscesses 
which were the cause of the death of the patient who has died of septi- 
cemia without a detection of its origin and in which the surgical opening 
of the liver abscess could have saved the patient’s life. 

Gradual enlargement of the liver in the course of septicemia strongly 
suggests the development of a liver abscess. Pain is especially marked 
in cases of superficial location, otherwise only a general tenderness over 
the liver is observed. 

While breathing, pain is felt when the abscess lies under the convexity, 
near the diaphragm. Pain can radiate to the right shoulder; the phrenic 
symptom is also frequently present. Tenderness in the intercostal spaces 
between the eighth and tenth ribs in the axillary line is very common. 
Characteristic of the enlargement of the liver due to a liver abscess is its 
development upward, thus raising the diaphragm. This upward enlarge- 
ment can be demonstrated by x-ray examination. In its later stage the 
enlargement of the fiver is also felt below the costal arch. 

High leucocytosis is practically always found in the early stages. 
When an abscess becomes incapsulated, the blood count may be normal 
again. The following are the main causes for the development of a liver 
abscess: (1) after injuries (gunshot wounds); (2) through arterial dis- 
semination; (3) abscess following cholangeitis; (4) infection through the 
portal vein ; (5) tropical abscesses; and (6) retrograde infection. 

Liver abscesses and their treatment following gunshot wounds are 
discussed in the chapter on war injuries. 

Liver abscesses spread through the arterial course are rare. The main 
cause is ulcerous endocarditis. But there are cases quoted in the litera- 
ture in which a liver abscess has developed in the course and sequel of 
erysipelas, prostatic abscesses and other pyemic conditions. These cases 
are practically always fatal and rarely offer an occasion for surgical 
intervention. , 

Under abscesses originating from the biliary tract we may distinguish 
(a) abscesses following a suppurative cholecystitis. These abscesses are 
found in the liver bed or in the surroundings of the gallbladder as se- 
quels to localized rupture into the liver. They are seated sometimes 
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deep in the liver containing stones and are frequently overlooked when 
a simple cholecystostomy is performed as an operation of emergency in 
the ease of a ruptured bladder. This is one of the reasons why I have 
abandoned cholecystostomy in all these cases since the radical electro- 
surgical operation has proved very successful also in dealing with these 
liver abscesses. Indeed it should be adopted as a routine method for 
such cases. 

(b) The development of abscesses originating around the intra- 
hepatic bile duets is practically always due to a combined cause: cho- 
langeitis plus obstruction of the common duct. While an infiltration 
with leucocytes is a very common finding in most cases around the 
small bile ducts, an acute stone obstruction favors sometimes quick de- 
velopment into a real pericbolangitic abscess. 

Pathology and treatment of these cases arc fully described in the 
chapter on acute obstruction of bile ducts. While a stone is in most cases 
the cause of an acute obstruction, the following case of liver abscess 
may be mentioned in which a liver abscess followed an obstruction 
caused by an ascaris invading the common duct: 

A man, thirty-four years of age, was admitted for urgent surgery. He 
was jaundiced and his temperature was 101.5° F. Below the xyphoid 
process a very tender swelling following respiratory movement was felt. 
Under the diagnosis of liver abscess the patient was operated upon. Hie 
abdominal wall was incised over the swelling and an abscess opened 
in which there was badly smelling bile-stained pus. Two days after the 
operation an ascaris was found in the cavity. The general state of the 
patient deteriorated. Jaundice increased and the temperature remained 
high. Colicky pain set in and the stool became acholic. It seemed prob- 
able that an occlusion of the common duct through the ascaris had taken 
place. A week after the first operation the second operation was per- 
formed. The gallbladder was found to be enlarged as well as the common 
duct. This duct was incised and an ascaris, 25 cm. long, filling the whole 
common duct with its tail down to the papilla, was removed. Another 
ascaris of a smaller size was found in the hepatic duct. A communication 
of the common duct with the liver abscess could not be found. A sub- 
serous excision of the bladder, which contained a few stones, was carried 
out and the common duct drained. 

In the days following the operation the patient vomited ascarides 
twice. Santonin was administered and the drain in the common duct 
was removed on the tenth day. Following this, recovery was uneventful. 

The portal vein is the main entrance for metastatic abscesses. They 
may originate in suppurative processes from which the portal vein car- 
ries the venous blood. They may develop with or without a pylephlebitis. 
In the latter case they originate from an infected embolus passing 
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through the portal vein and penetrating directly into the liver where 
they stop intrahepatically in one of the small branches of the vein. In 
other cases the infection spreads first to the vein causing a pylephlebitis. 

Suppurative Pylephlebitis 

Etiology. Infection of the portal vein with suppuration and throm- 
bosis is frequently due to a primary suppurative appendicitis, particu- 
larly when an appendicular abscess is under pressure. According to Weir 
andBever, 19 per cent of twenty-eight cases were due to appendicitis 
and 28 per cent followed inflammation of the biliary tract. 

On the other hand, statistical figures on the frequency of a suppura- 
tive pylephlebitis have shown that with the increased tendency toward 
early operation the frequency of pylephlebitis as a complication of 
appendicitis has dropped. Leaving aside appendicitis and infection of 
the biliary tract, ulcerative colitis, diverticulitis, malignant tumors of 
the rectum and suppurating piles can be mentioned as rare causes. 

Pathological Findings. The portal vein is found enlarged and filled 
with suppurating adherent thrombi, while the wall is involved in the 
inflammation as well as the surrounding tissues. Suppurating mesenteric 
glands are frequent. In the majority of cases the infection has already 
spread to the liver in the form of multiple metastatic abscesses. 

Clinical Signs. In the course of appendicitis, either in the beginning 
or a few days later or even after the first symptoms have already sub- 
sided, sudden chills set in followed by high temperature. High leuco- 
cytosis is found in the blood; the liver becomes tender and enlarges 
gradually. The patients give the impression of being very ill and in a 
grave septic state. Slight jaundice is frequent as is also diarrhea. The 
fatal outcome occurs in the majority of cases partly due to general 
septicemia or partly due to general suppurative peritonitis following the 
rupture of a suppurative mesenteric gland or the leakage of a superficial 
liver abscess into the peritoneal cavity. 

Treatment. Surgical intervention offers little hope for recovery. 
Only in those rare cases in which a solitary abscess in the liver is formed, 
which can be opened (Petren), or w’hen a subphrenic abscess develops, 
which can be drained, the patient may recover. The greatest hope for 
recovery of patients with pylephlebitis is administration of penicillin 
and sulfa drugs. This should be tried for two or three days, giving peni- 
cillin up to 300,000 units daily and of sulfadiazine up to 60 grains, daily. 
As far as surgery is concerned,. the best method of treatment, of course, 
would be a preventive .measure consisting in the ligature of the mesen- 
teric vein before a real pylephlebitis develops. 

The indications for this operation are, however, very difficult. There 
is hope of success with this measure only when the mesenteric vein is 
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ligated after the first suspicion of a suppurative thrombosis following 
appendicitis. This is certainly the case when a sudden chill in the course 
of such a disease sets in. 

In all cases before operating upon the patient he should be examined 
thoroughly for the presence of a subpbrenic abscess, clinically and by 
means of x-rays. There is no purpose in operating when an enlargement 
of the liver indicates that a liver abscess has already developed. 

Technic. In most cases the appendix has already been removed with 
or without drainage. This area of the first operation should be protected 
thoroughly with gauze and oil silk and a laparotomy performed with a 
midline incision below the umbilicus or with the medial pararectus in- 
cision. 

The mesenteric vein concerned should be ligated as closely as possible 
to the junction with a superior mesenteric vein. In this way the danger 
of gangrene following congestion can be best avoided. As these cases 
must be considered practically hopeless, a ligature of the superior mesen- 
teric vein higher up can be attempted. However, even if surgery is re- 
sorted to, it should be supplemented by administration of penicillin 
and sulfa drugs. 

Tropical Abscesses 

A tropical abscess is said to be found in 3 to 10 per cent of patients 
with amebic dysentery. It is nmch more common in Europe than in the 
United States, and is found particularly in men. Only 10 per cent are 
found to be in the left lobe against 90 per cent in the right lobe. In the 
majority of cases the abscesses are found in the upper and posterior part. 
They are never multiple. Infection takes place via the inferior mesenteric 
and portal veins. The ameba reaching the liver produces necrosis with 
extensive liquefaction of the liver tissue. Abscesses containing up to 7 to 
8 liters of pink or anchovy paste-like fluid have been observed. Prac- 
tically no secondary infection takes place. 

Adhesions between the liver surface and pleura followed by perfo- 
ration into the pleural cavity occurs in 25 per cent. Abscesses may rup- 
ture into the bronchi and heal in this way. Rupture into the peritoneal 
cavity is rare. 

There is practically no chance of spontaneous healing through reab- 
sorption. Suspicion of the presence of an amebic abscess arises, especially 
in tropical countries, in all cases in which there is an undefined enlarge- 
ment of the liver. 

Treatment. Urgent surgical intervention may be necessary in cases 
uith a rapidly enlarging abscess. In case of rupture the abscess burst 
into the peritoneal cavity, into the sub-diaphragmatic spaces or into the 
pleural cavity through the diaphragm. 

There are eases reported in which a large amount of the anchovy 
sauce-like pus has been expectorated in an agonizing attack of cough 
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after which the abscess healed. In other cases pyopneumothorax results. 

It must be stated that in all cases of rupture the mortality rate is 
very high. This fact suggests the necessity of early treatment. 

The special diagnosis is made only when amebic dysentery has been 
diagnosed previously. The treatment consists in emptying the abscess 
and administering emetine. Since the introduction of emetine the mor- 
tality rate has dropped from about 56.8 per cent (Rogers, 1913) to 14,4 
per cent (Rogers, 1922). 

As for the surgical procedure, two methods are applied: Opening and 
drainage of the abscess or emptying the abscess by aspiration. 

In all cases the cavity should be washed out with emetine solution. 
Most surgeons today with experience in the treatment of tropical ab- 
scesses favor the method of aspiration and irrigation with emetine. 

"When the abscess is opened by incision, a suture after the treatment 
is preferable to open drainage. When emptying the abscess, it is advis- 
able to avoid too rapid an emptying. This is a well founded rule in 
pleural empyema, in ascites and in all cases in which the collection of a 
large amount of fluid has to be removed. 

As for ways of approach, the abscess is always incised or aspirated 
over the most prominent part of the swelling. In case the abscess is 
located higher up in the convexity, the ways of approach are similar to 
those which will be described under subphrenic abscesses. 

Without having tried the electrocoagulating method in tropical ab- 
scesses, I would imagine that in these cases also electrocoagulation may 
prove advantageous. 

The emetine treatment consists of the intramuscular injection of 
emetine hydrochloride (one-fifth of 1 grain daily). Emetine can also be 
administered orally in the form of emetine bismuth iodide. 

In rare cases a middle ear infection (mastoiditis) with or without 
thrombophlebitis of the jugular vein may be followed by a liver abscess. 
The direct retrograde way of infection seems probable due to the fact 
that in these cases only liver abscesses have been found and no abscess 
in the lung or a general septicemia. These cases may be mentioned only 
as a curiosity and have no practical value for the surgeon. 

Subphrenic Abscess 

Though the incidence of subphrenic infection is high, not in all cases 
does a real abscess develop demanding urgent operation. The frequency 
in males is higher than in females at a ratio of 3 to 1. Disregarding 
local infection following an injury (gunshot wounds), perforated ap- 
pendix or perforated ulcers of stomach and duodenum are the causes in 
50 to 60 per cent of the cases. 

The following scheme (Oehsner) presents a summary of the main 
causes of origin: 
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(X) Subphrenic abscess following an injury in the immediate vicinity. 

(2) From distant portions of the peritoneal cavity right iliac fossa 
and pelvic infection may drain into the subphrenic area. From the right 
iliac fossa infection may extend through the gutter between the ascend- 
ing colon and the lateral parietal peritoneum upward to the subphrenic 
space. 

(3) Perinephritic abscess in the retroperitoneal cellular tissue may ex- 
tend upward to the extraperitoneal subphrenic area. 

(4) Spread by the retroperitoneal lymphatic ves^Is (retroperitoneal 
lymphangitis) (Munroe). 

(5) Lymphangitis along the deep epigastric artery. 

(6) Rupture of liver abscess (a) following portal thrombophlebitis; 
(b) cholangitic abscess; (c) amebic abscess. 

(7) Perforation of gastric or duodenal ulcer, 
f (8) Rupture of gallbladder. 

[" In some rare cases the infection calms down so that the subphrenic 
abscess is a mere collection of a more or less nonvirulent or even sterile 
liquid giving no alarming symptoms. There are cases reported (Russell) 
in which a subphrenic abscess was diagnosed only seven months after 
the perforation of a peptic ulcer; in another case, one year after pneu- 
monia and in a certain case even seven years after an empyema. How- 
ever, these cases of spontaneous healing are very rare and in most in- 
stances the development of a subphrenic abscess is followed by alarming 
symptoms and must be considered as a matter of urgent surgery. 

The onset of an abscess may be very abrupt like in an acute intra- 
abdominal suppuration. About 35 per cent are of this type. In about 
40.G per cent the onset is insidious in the course of an obscure intra- 
abdominal lesion, and correct diagnosis often is missing, We should think 
of the possibility of such an abscess, then a thorough search will enable 
us to establish the right diagnosis. 

Clinical Symptoms. The patient is taken seriously ill with constant 
or fluctuating temperature, giving the impression of a grave infection. 
The his torj’ of a previous suppurative disease, intraperitoneally or retro- 
peritoneally, (perinephritic abscess), strongly suggests the diagnosis, 
especially when, after emptying the abscess, the temperature starts to 
rise again a few days later. 

Clinically we find elevation and immobility of the diaphragm. X-ray 
examination proves the existence of the subphrenic abscess in practically 
all cases. Fluid level with a collection of gas is very frequent. The roent- 
genogram or fluoroscopy is made in an upright position. Aspiration of 
pus with a long needle should be attempted only with the greatest care. 
Many cases of spreading infection following such attempts have been 
reported. But when there is a definite dullness over the phrenicocostal 
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angle, no harm can be done by careful aspiration over the dullness with 
a needle that is not too long. 

In some cases a clear or only slightly turbid liquid can be aspirated 
from the pleural cavity as a collateral effusion. When pus is aspirated, 
there is a strict rule not to remove the needle, not to aspirate more than 
a few cc. and to operate immediately. 

The following aphorism (Barnard) may give a useful diagnostic hint: 
Signs of pus somewhere, signs of pus nowhere else, signs of pus there 



l*io. 132. Common location* for richt 
suhphrenic abscesses. 

(i.e., in the subdiaphragmatic space.) This may include also a hidden 
abscess of the liver. 

Treatment. Considering the poor state of the patient who becomes 
worse day by day, operation should be performed as early as possible, 
i.e., when the diagnosis can be made. However, before operating, a fair 
trial with penicillin and sulfa drugs should be given at least for two days. 
The following diagram shows the most frequent locations for subphrenic 
abscesses (Fig. 132). The right superior and posterior space behind the 
coronary ligament is predominant. 

When opening the abscess the following rules should always be ob- 
served: (1) Approach by the shortest possible way; (2) make a wide 
opening so that a retraction of the cavity is facilitated; (3) provide for 
proper drainage from the lowest point; and (4) care should be taken to 
avoid contamination of uninvolved serous cavities, the pleura and the 
peritoneal cavity. This point must be considered as being of the utmost 
importance. 

Ways of Approach 

(1) Transthoracic way: 

(a) transpleural; 

(b) extrapleural. 
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(2) Transabdominal way: 

(a) transperitoneal; 

(b) extraperitoneal. 

As above mentioned, the extraserous approach has always to be at- 
tempted and can be achieved in different ways. In quite a number of 
cases the extraserous approach is already prepared through inflamma- 
tory adhesions firmly separating the abscess from the serous cavity. 
The phrenicocostal angle can be entirely obliterated. The diaphragm has 
been lifted up and through the pressure of the abscess the diaphragm 
becomes firmly adherent to the pleura. So we can reach the abscess by 
the transthoracic and transdiaphragmatic way without contaminating 
the pleural cavity. 

If adhesions do not exist, they can be artificially produced in the fol- 
lowing ways: (1) in a one-stage operation by stitching together the 
diaphragm with the pleura in the whole extent where the opening of 
the abscess is intended; (2) in a two-stage operation. The first step 
of the operation is to produce adhesions either by padding with gauze 
or with a paraffin plumb. 

Technic op Transthoracic and Transdiaphraojiatic Approach. 
The incision is made along the ninth rib. According to the special case, 
pieces of rib from the seventh to the tenth are resected without injuring 
the pleura. The intercostal muscles are ligated with the vessels at the 
places of resection of the ribs and cut away (Fig. 133). The costal pleura 
is now laid bare. We can satisfy ourselves now whether or not there are 
some adhesions between pleura and diaphragm when observing the 
respiratory movements. 

If such adhesions are present the wound is walled off with gauze and 
we try to find a way to the abscess by aspirating with a firm needle. 
When we locate the abscess, an aspirator is introduced along the needle 
and the abscess is emptied. 

We must always bear in mind that in most cases gas is collected over 
the abscess. The patient lies cm the table on his left side or in a half 
upright position so that we may easily approach the gas-filled cavity. 
The characteristic smell of the aspirated gas indicates that we are in 
the right place. 

The forefinger is now introduced and the diaphragm incised with the 
finger as a guide along the fibers to an adequate extent. With a rubber 
tube having the thickness of a thumb the cavity is drained. 

In case of recent abscess where the wall of the cavity is not too firm, 
the external wound may be partially closed with a few deep interrupted 
stitches. Larger cavities should be packed with several pieces of gauze or 
by means of a Mikulicz tampon moistened with Peruvian balsam. 
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A one-stage operation can also be performed, when no adhesions exist, 
in the following way: 

(1) The pleura is stitched together with the diaphragm by continuous 
or interrupted suture. If the pleura should tear, it is a good procedure to 
use the excised pieces of the intercostal muscles to reinforce the stitches 
bj' sewing them over the torn pleura. The wound is thoroughly walled 
off with gauze and then the abscess is punctured by a needle, the pus 
aspirated by an electric aspirator and the diaphragm incised, packed 
with gauze and drained. 

It must be emphasized that the danger of empyema following this 



one-stage operation is considerable. Ochsner has collected 305 cases 
drained transpleurally with a mortality rate of 39 per cent, sixteen of 
his own cases showing a mortality rate of 50 per cent. 

Two-Stage Operation. First stage: (a) padding with gauze. The 
whole wound is firmly filled with gauze pushing the pleura toward the 
diaphragm. The wound is entirely closed over the gauze, (b) Paraffin 
Plumb Method. The same adhesions can be provoked in a first-stage by 
use of a parrafin plumb. It consists of: 

Solid paraffin (melting point 50° C.) 


75.0 
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Solid paraffin (melting point 43° C.) 25.0 

Carbon bismuth 1,0 

Vioform 0.05 

In order to make the plumb easily visible in the x-ray picture a table- 
spoonful of sulphurated barium may be added. This paraffin is put into 
water of 55° F. so that a semisolid porridge is formed which can be 
moulded in the hand according to the shape of the caritj'. 

This method has proved very useful as a first-stage operation before 
opening an abscess not only in the subphrenic space but also in the lungs. 
The costal pleura is worked away gently with the finger from the costal 
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frame around the wound. A large cavity is formed in this nay; the 
paraffin plumb is inserted, moulded with the hand so that it fits in prop- 
erly. The wound over the plumb is entirely closed. The costal pleura is 
in this way firmly pushed against the diaphragm. Firm adhesions are 
formed in a few days. Between the fifth and eighth days the second-stage 
operation is performed, the plumb removed and the abscess safely 
opened in the way previously described. 

Tr an'Sab dosuxal Approach. Though the transthoracic way can be 
considered as a routine procedure in dealing with subphrenic abscess, 
there are cases in which a subdiaphragmatic approach may be considered 
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advantageous (Clairmont, Ochsner). These are cases in which an abscess 
lies more anteriorly spreading upward from the right renal pole. 

In case of suspected subphrenic abscess which cannot be confirmed 
by x-ray film or exploratory puncture, transabdominal approach is 
preferable to the transthoracic one. 

Because of the main locations of these abscesses — anterior or posterior 
to the coronary ligament — two ways of approach are available: the an- 
terior and the posterior. 

Under no circumstance should a transperitoneal drainage be per- 
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formed. When operating and draining a subphrenic abscess by the sub- 
diaphragmatic way, only the extraperitoneal drainage should be used. 

a. Anterior Approach (Fig. 134). The skin incision, four inches long, 
is made below or, better, upon the costal arch (similar to the costal in- 
cision). External, internal and transverse abdominal muscles are di- 
vided, avoiding the opening of the peritoneum. When there are deeper 
situated abscesses, we frequently encounter tissue here becoming edema- 
tous. With a retractor the costal arch is lifted while the finger works 
gently upward separating the fascia transversalis and the peritoneum 
from the muscular portion of the diaphragm. In this way the upper sur- 
face of the liver is gradually approached and we soon locate the abscess 
lying between the upper surface of the liver and the dome of the di- 
aphragm. 
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If in doubt, aspiration with a strong, curved needle is always helpful 
in pointing the way. 

b. Posterior Approach (Fig. 135). When the abscess is suspected be- 
hind the coronary ligament, a posterior approach must be performed. 
The incision is made along the twelfth rib, which is resected sub- 
periostaliy. Care should be taken not to injure the pleura. Muscles are 
divided transversely at the level of the first lymbar vertebra down to 
the renal fascia. With the help of the finger we work upward until the 
dome of the diaphragm is reached. 

The advantages of this method are: (1) the avoiding of the opening of 
the pleura with its drawbacks of pneumothorax and infection; (2) the 
drainage is allowed to be carried out in the lowest and most favorable 
position. 

Results of Operation : Statistical figures, according to Ochsner, have 
shown that subphrenic abscesses treated nonoperatively showed a mor- 
tality rate of 91.1 per cent, whereas in the collected cases treated by 
drainage, the mortality rate was 33.6 per cent. The statistical figures of 
Ochsner show also an improvement in the results when operating extra- 
peritoneally. In thirty-one of his cases personally operated upon with 
the retroperitoneal technic the mortality rate dropped even to 9.7 per 
cent. The administration of sulfa drugs and penicillin after the operation 
will lower still more the mortality. 

HYDATID DISEASES OF THE LIVER (Fig. 136) 

Hydatid cysts of the liver are a matter of urgent surgery (1) in case 
of suppuration, and (2) in case of rupture. 

Suppuration. An intrahepatic cyst is in most cases infected from the 
ducts, but a blood-borne infection must also be assumed in some cases. 
The most frequent organisms are the Bacillus coli, the streptococci and 
the staphylococci. However, according to D6v6, Goerbet and Delamare, 
also anaerobic organisms are found as infecting agents. 

Pathology. After the infection, degeneration of the daughter cysts 
takes place, but sometimes there have been found healthy daughter 
cysts floating in bile-stained pus. The pus has a fetid odor when in- 
fected and is bile-stained; sulphurated hydrogen gas and carbon dioxide 
are found over the fluid level. 

In some cases, despite the large amount of pus collected in these liver 
cysts, serious symptoms may be absent even when this suppuration has 
been present for months. In most cases the condition of the patient is a 
very serious one and there is usually a state of septicemia with jaundice. 
The symptoms are chills, perspiration, vomiting, intermittent fever, 
dyspnea and cachexia. Local symptoms depend upon the size of the 
cyst and its position. 

Diagnosis. History and the geographical distribution of a hydatid 
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disease suggest the likelihood of a right diagnosis; otherwise the case is 
usually taken for an obstructive jaundice through gallstones followed by 
septicemia. 

When palpating, the circular shape of the dullness in the enlarged 
liver and also the anaphylactic symptoms such as urticaria, may help 




Fio. 136. Surgical management of hydatid cyst of the liver. 

some in differentiation. Pylephlebitis with liver abscesses and any other 
perforation of the intestinal tract may be diagnosed in error. But by 
means of radiography and immunologic tests the correct diagnosis can 
be made, according to Dev6, in about 90 per cent of the cases. 

When not operated upon in due time, cachexia, albuminuria, per- 
sistent diarrhea and heart disease may result. In other cases rupture in 
different places is the outcome. 

Rupture. A rupture of a hydatid cyst whether it is clean, or infected 
and suppurating, may occur into all the surrounding organs or into the 
free peritoneal cavity. Obviously the latter causes the most acute and 
alarming symptoms. Cases of rupture have been reported into the lungs 
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and bronchial tree, the alimentary' canal, into the stomach, duodenum, 
ileum, bile ducts with ensuing obstructive jaundice, into the portal 
vein and into the inferior vena cava. 

The history of the patient often gives evidence of trauma as the defi- 
nite cause of rupture of the cyst. But there are certainly cases without 
any such accident, especially in the case of suppuration. 

Iktoaperitoneal Rupture. Sudden colicky pain followed by peri- 
toneal irritation, mcteorism, vomiting, shock, high temperature and the 
diminishing in size o! the formerly enlarged liver are typical signs. 
Anaphylactic symptoms, especially in the case of the rupture of a non- 
suppurating cyst, are common, and it has been emphasized that the 
initial shock may in these cases be an anaphylactic sign rather than due 
to peritoneal irritation. Eosinophilia up to 50 per cent is very significant. 
Jaundice through the resorption of bile may follow sometimes very soon. 
Ascites varies in amount and biliary peritonitis is often diagnosed, espe- 
cially when tapping the abdominal fluid, which shows an intense bile- 
stained appearance. 

The acute symptoms may disappear and in the chronic or subchronic 
course a typical clinical aspect may develop which is known under the 
name of choleperitoneum hydatid eum. It is characterized by the biliary 
effusion into the peritoneum with echinococcic cysts which multiply in 
the course of the disease. 

The prognosis is a very bad one, the statistical figures showing a 
mortality 76 to 90 per cent (D6v6). There is no question that an urgent 
operation as soon as possible is the best treatment. Small ruptures, i.e., 
the forming of communications between a hydatid cyst and smaller 
bile ducts, are very common and therefore a bile-stained fluid is 
frequent. 

But also a rupture into larger bile ducts and the main hepatic duct 
occasionally takes place. Less frequently ruptures into the gastrointes- 
tinal tract occur. 

The clinical signs of rupture of a cyst are: severe pain of a colicky 
nature as in gallstone colic. The patient may be found doubled up, 
sweating, and vomiting; jaundice is a symptom found in about SO per 
cent of the cases. 

According to Dupreyen in 23 per cent of the patients a natural cure 
occurs. In the otheT cases mgent surgical intervention is necessary. 

How to Deal with the Cyst. The following procedures can be ap- 
plied according to the individual case: (1) Suture of the cyst into the 
wound followed by drainage (a two-stage operation). (2) Thorough 
cleaning of the main cyst of all the hydatid elements followed by suture 
of the cyst. (3) Extirpation of the whole sac, with or without resection 
of the wedge-shaped piece of the liver. 
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The Open Method. This method is frequently applied as a two-stage 
operation in cases of nonruptured cysts. The liver surface is sewn into 
the peritoneum as a first-stage and the cyst opened after ten days with 
a caiitery. In deep-seated cysts this method would, however, be a very 
tedious procedure, which the poor state of the patient forbids. The 
thorough cleansing and washing of the cyst especially with formol may 
be carried out later in a second-stage when the patient has recovered 
from the first operation. 

The postoperative course may be very long especially when the wall 
of the cyst is already calcified. This calcified, rigid wall may hinder the 
shrinking and healing of the liver wound, a foul secretion may last very 
long as well as a bile fistula, which may endanger the life of the patient 
even long after the operation. 

These hepatic bile fistulac are caused cither by perforation of the 
hydatid cyst into larger hepatic bile ducts or by injury to such ducts 
when removing the hydatids. For this reason one should be careful to 
avoid any injury to the external capsule formed by the host. The fre- 
quency of such long lasting fistulac is given by different authors as oc- 
curring between 50 to 75 per cent (Thole, Partsch, Berger). The mortal- 
ity depends upon the general state and the amount of the peritoneal 
infection in case of intraperitoneal rupture. 

For the repair of such long lasting bile fistulae many procedures have 
been described. The best seems to be drainage into the common duct by 
means of a tube introduced from the opened duct through the liver to 
the fistula. This rubber drain is removed when the fistula is closed. (Sec 
also injuries of bile ducts.) 

The Closed Method. A primary closure of the cyst during the opera- 
tion has many advantages and has been carried out by many surgeons 
(Thornton, Konig, Bond, Bobrow, Delbet, Posada, etc.). This primary 
closure is carried out in the following way: 

After a thorough removal of the daughter cysts, the flabby cyst wall 
is folded in to fill the cavity as much as possible. Catgut sutures through 
the whole cyst and surrounding liver tissue may help the occlusion of 
the cavity. For obvious reasons only superficial cysts are suitable for 
this purpose. 

No doubt this method may have ideal results, but disadvantages and 
disturbances in the postoperative course may take place especially when 
the wall of the cyst is too rigid. The suture is not quite safe in all cases; 
suppuration and bile leakage may occur. 

Several cases are reported in which the suture had to be reopened and 
secondary drainage performed (five cases reported by Garrd; two cases 
out of fourteen by Goljanitzky; Yegas and Cranwell reported ninety- 
two cases in which primary closure had been performed, seventy-one of 
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which healed uneventfully; in sixteen secondary drainage had to be 
performed and five had fatal outcomes.) 

Method of Injection of Formalin. D4v6 in 1901, advocated this 
method. He injected 4 per cent formalin into the cyst in order to kill 
residuant brood capsules and scolyces. This method was applied by 
many surgeons who claimed satisfactory results. 

Another method is the filling of the cyst with saline solution. The wall 
of the cyst is often soft and rather thin. As already mentioned, when a 
calcareous adventitia exists the opinion of D6v6 and Killington that 
drainage should be avoided when possible should be followed. 

The extirpation of the echinococcic cyst with the capsule is certainly 
the most ideal operation but can be carried out only in a very limited 
number of cases. These cases are suitable for extirpation when the cyst 
is connected with the liver only by a peduncle of the liver tissue. Over 
the cyst the border of the liver lies superficially so that the wedge-shaped 
resection of the part of the liver containing the cyst can be carried out 
without great difficulty. 

A helpful procedure is the infiltration of the cyst with a \ per cent 
saline-adrenalin solution. 

In any case the wedge-shaped resection is to be recommended more 
than the removal of the whole cyst from the liver which is comparable 
to a classical cholecystectomy. Injury to the liver is greater and serious 
bleeding from the crushed tissue as well as bile leakage take place. 

In the case of multiple echinococcic cysts it is advisable not to be too 
radical but to perform the radical operation at a second stage. 

Electrocoagulation of the inside of the cyst must be considered as a 
method worth while trying because of its many advantages. A thorough 
destruction of all hydatids can be achieved deep in all crypts and hidden 
spaces. 

An extirpation of the sac is not necessary. Control of hemorrhage is 
perfect. "We can also safely remove calcareous spots when electrocoagu- 
lation is performed. Primary closure with packing the cavity with 
omentum can be performed in a great many cases to control bleeding. 

Urgent Operation in the Case of Rupture. The operation should 
be performed only when the patient has recovered from the first shock, 
which must be considered not only as a peritoneal shock but also as an 
anaphylactic one. All means should be applied to combat this shock as 
quickly as possible- Blood transfusion and the application of calcium 
have proved helpful as in all similar states. 

A rupture into the free abdominal cavity takes place in 14 per cent 
of all cases according to Ddvd's statistical figures. Without operation the 
prognosis is very bad, the mortality being between 76 and 90 per cent. 
An early operation is the only hope for lowering the mortality. The 
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chance for a lasting recovery is nevertheless only 70 per cent according 
to D6v6. 

Operation. By a midline or paramedian laparotomy the abdominal 
cavity is opened. The incision should be large enough to allow a thorough 
search of the whole abdominal cavity for the cysts. It seems to be wise 
to deal first with the ruptured cyst before cleansing the abdominal 
cavity. Therefore, the liver in the region of the ruptured cyst is to be 
inspected while this field should be walled off from the rest of the 
peritoneal cavity. A suction apparatus with a wide tube is introduced 
into the C3’st and the contents sucked out. The peritoneal cavity should 
be guarded by sufficient gauze packs to avoid further contamination 
with hydatid elements. The use of black packs (D6v6) has been found 
advantageous because the white brood capsules or small daughter cysts 
show up very clearly. 

The size of the cyst and the dibris may cause sometimes a blocking 
of the tube when it is not large enough. Sometimes the content is so 
thick that the sucking does not work at all. The cyst is now opened and 
is dealt with by means of one of the methods already described. 

After taking care of the ruptured cyst, the liver has to be thoroughly 
inspected for other cysts. But if a poor general state exists one should 
not insist on a radical removal of all of these cysts; it is better to leave 
these unruptured cysts for a second-stage operation. 

All abdominal pads are removed and the cavity thoroughly inspected. 
All floating cysts arc removed and the cavity washed out with warm 
saline or slightly antiseptic solution. 

We should not forget to examine both subdiaphragmatic spaces: over 
the liver and over the spleen. The gauze padding from the cyst is then 
removed. When possible the wall of the cyst is folded in and the ab- 
dominal wall closed with or without a drain according to the individual 
case and the conditions. 

Intratiioracic Rupture of Hydatid Cysts. The frequency of rup- 
ture into the thoracic cavity may find perhaps its explanation by a nega- 
tive intrathoracic pressure. The diaphragm can be elevated up to the 
third or second rib, atrophied and thinned by the growing cyst, so that 
it may penetrate into the intrathoracic cavity. A rupture following such 
a penetration is very frequent. In most cases suppuration occurs first 
and precedes rupture. 

Different types of rupture have been observed: (1) into the pleural 
cavity, (2) into the bronchus, and (3) an encysted empyema develops 
forming an intermediate pouch between the hydatid cyst and the 
bronchial opening. 

Complications. One of the main questions is whether the cyst has 
been infected or not. The contents of the noninfected cyst may be 
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aseptic for a long time also in the thoracic cavity, but sooner or later 
an infection practically always takes place. The daughter cysts burst 
one after the other, are expectorated and are found in the sputum as 
fetid bile-strained grapeskin-like masses. Cholepyothorax or chole- 
pneumothorax is common. 

Clinical Aspect. The perforation into the intrathoracic cavity is 
never as dramatic as a rupture into the free abdominal cavity. The 
operation, therefore, is rarely as urgent as in the case of intraperitoneal 
rupture. 

Operative Procedure. In some suitable cases a radical operation 
can be performed for both the intrathoracic and intrahepatic cyst 
through the transpleural transdiaphragmatic way. After removal of the 
the intrathoracic or lung cyst the way of communication into the liver 
is laid bare, the remaining hydatids from the liver are removed and the 
inside is electrocoagulated. Primary clo'mre should always be attempted. 

Postoperative Complications. In the case of closure without drain- 
age the patient must be carefully watched and we must be prepared 
either to aspirate the cyst through a suture line or to reopen the in- 
cision partly and to perform a secondary drainage. When drainage has 
been established, leakage from a persistent sinus may be the source of 
annoyance and trouble both for the patient and the surgeon. Anaphy- 
lactic phenomena in the postoperative course are very frequent; injec- 
tion of calcium with parathormone is the best measure to prevent and 
to treat these cases. 

GALLSTONE ILEUS 

When a large gallstone passes from the gallbladder into the intestinal 
tract, it may give rise to intestinal obstruction. These patients are 
usually admitted for operation as cases of emergency under the general 
diagnosis of “ileus,” but the gallstone ileus has not only special pathol- 
ogy but also very characteristic clinical signs and symptoms which en- 
able us to make a correct diagnosis. 

This correct diagnosis is useful when we choose our operative proced- 
ure. Therefore, it seems justifiable to deal with gallstone ileus separately 
from other kinds of intestinal obstruction in this consideration of urgent 
operations on the biliary tract. 

Perforation o! a large gallstone into the intestines — in most cases into 
the duodenum — must be considered first. This occurrence may take 
place only with the clinical signs of severe gallstone colic followed by 
general relief. 

Local peritoneal irritation may be present, but owing to the fact that 
rupture of the gallbladder into the duodenum is only the last stage of a 
long pathological process, alarming symptoms of peritonitis may be 
entirely absent. The perforation takes place as a concealed process, the 
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gallbladder being adherent to the duodenum with strong fibrous tissue 
formed over a long period of chronic inflammation. 

The formation of such an internal fistula after the perforation of a 
gallstone from the gallbladder into the intestines is quite frequent. Kehr 
found them 100 times in 2,000 gallstone operations, and collective sta- 
tistical figures by Janeke show that in 0,280 operations 103 cases of 
spontaneous fistula have been found, fifty-nine into the duodenum, 
thirty-five into the colon and nine into the pyloric part of the stomach. 
Perforation into the colon rarely leads to intestinal obstruction by the 
perforating stone. Perforation into the duodenum is the usual case and 
in rare instances into the pyloric part of the stomach. No evidence is 
given that a stone causing gallstone ileus has ever passed from the gall- 
bladder into the common duct, through the papilla and into the duo- 
denum. 

According to statistical figures gallstone ileus presents about 2 to 6 
per cent of intestinal obstruction, but these figures vary considerably in 
different countries. In the majority of cases the patients are women. 

Diagnosis. The history of the disease is most important for the diag- 
nosis. Previous gallstone colic and especially the careful description of 
the last attack may sometimes put one on the right track. But between 
the passage of the gallstone through the perforated gallbladder into the 
duodenum and the appearance of the first signs and symptoms of an 
ileus a considerable time may elapse, so that a historical reconstruction 
of the process by questioning the patient may prove difficult at times. 

Intestinal hemorrhage and melena, i.c. black tarry stool following 
gallstone colic is sometimes significant. The patient should be ques- 
tioned especially as to the appearance of the stool. 

Signs and Symptoms. The most characteristic sign of gallstone ileus 
is the spontaneous improvement with frequent recurrences. In the in- 
terval between such attacks of intestinal obstruction, which may last 
up to twenty-four hours, gas and stool can be passed. The patient feels 
relieved until another attack sets in. Sometimes these alterations of a 
total obstruction and the disappearance of all symptoms are not so 
clearly pronounced. As a rule the symptoms gradually become worse and 
the periods of relief grow' shorter until a complete obstruction has been 
established. 

This form of gallstone ileus may be easily taken for an obstruction 
caused by a malignant tumor. The obstruction is rarely a mechanical 
one alone, because it can always be stated when operating that the 
stone being smaller than the lumen of the loop in which the obstruction 
took place could easily have passed through the intestines. It is prac- 
tically always a spasm around the stone which makes the occlusion com- 
plete. Based on these facts the clinical symptoms of recurred obstruction 
and interval of relief find their explanation. 
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Differe.vtial Diagnosis. The alternation between total obstruction 
and subsequent Telief in a gradually deteriorating course is recognized 
as a very characteristic clinical sign for gallstone ileus. Nevertheless, the 
differential diagnosis is sometimes difficult. 

The attacks of colicky pain with signs of obstruction and tenderness 
of the abdomen followed by relief when the patient passes gas may be 
taken for renal colic. Examination of the urine (red blood cells) in the 
latter course helps toward a correct diagnosis. 

The colicky pains are frequently localized in the right lower abdomen 
so that the differential diagnosis of acute appendicitis must sometimes 
be considered. The blood count Geucocytosis in case of appendicitis) 
may be of diagnostic value. 

The diagnosis of gastric or duodenal ulcer must also be taken into 
consideration at times. 

X-Ray Examination. The x-ray diagnosis of gallstone ileus can be 
based on the following findings: (1) general diagnosis of an intestinal 
obstruction, (2) evidence of a gallstone shadow in the intestines, and (3) 
evidence of an internal biliary fistula. 

1. The patient should be examined in an upright or sitting position 
behind the screen. The presence of multiple horizontal fluid levels in the 
small intestines with transparent areas of gas over the fluid surface 
makes the diagnosis of ileus easy and certain at the first sight. When 
shaking the patient, the movement of the fluid is always very significant. 
The distended loops hang over the normal ones like wings. The Kerkring 
plicae are often visible. In some rare cases the ring-shaped shadow of the 
obstructing stone may be seen proring the presence of a gallstone ileus. 

2. The direct evidence of a gallstone is not always present. It is well 
known that even in the gallbladder gallstones are not always risible, 
and certainly not a cholesterol stone. 

On the other hand, the larger gallstones are frequently pure cholesterol 
stones or are composed principally of cholesterol. But there are cases 
reported in which a gallstone lying in the intestines gave a clear shadow, 
so that the diagnosis of gallstone ileus could be made based on these 
findings. (Savenberg.) 

3. The evidence of an internal bile fistula as shown by x-ray is very 
promising because this is a finding independent of the acute stage of 
obstruction, and when found after an attack of ileus, may be of the 
greatest help. 

An x-ray diagnosis of an internal bile fistula can be made (1) when 
after a contrast meal the barium is found to ascend into the common 
duct, producing a picture sometimes even of the intrnhepatic duct; (2) 
through the evidence of air in the gallbladder and bile ducts. Several 
cases of gallstone ileus have been reported in recent years. (Lonnerblad.) 
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Petrdn reports nine cases of gallstone ileus all of which had been 
x-rayed. In none of them could a gallstone be found in the x-ray picture, 
but in five of these cases a strip-shaped collection of gas was seen in 
the common duct or gallbladder indicating the internal bile fistula. 

The question must be asked: Is the collection of gas or of barium meal 
in the bile ducts certain evidence of a spontaneous internal bile fistula? 
It is certain that the duodenal content may also slip through an open 
papilla into the common duct, especially when a large stone previously 
has passed through. Another possibility is that in the case of cholangeitis 
the gas found in the common duct may be produced by bacteria. 

However, it can be said that these are rather exceptions and that in 
the great majority the collection of gas or of barium meal in the bile 
ducts can be considered as evidence of an internal bile fistula. 

I quite agree with Borman and Rigler when saying: “Roentgen ex- 
amination of the gallbladder region ns well as of the whole abdomen in 
case of suspected intestinal obstruction may reveal evidence of a biliary 
fistula and thus make the origin of the obstruction clear. This type of 
examination should be made in all cases having symptoms of obstruction 
of obscure origin." 

Technic. The patient is x-rayed over the Pottcr-Bucky frame. The 
collection of air can be enlarged when the patient is asked to swallow 
air several times and this air is distributed by massage over the stomach 
into the duodenum. In order to fill the bile ducts with barium meal the 
patient lies down on his right side before being x-rayed with pelvis lifted. 

Treatment. There can be no doubt that sometimes, when applying 
conservative treatment with antispasmodics, like belladonna, papaverin, 
etc., the spasm around the stone may give way so that the acute obstruc- 
tion may subside. A stone then may even be passed with the stools. But 
when trying such conservative treatment and waiting for a fortunate 
outcome we must realize that this waiting includes a considerable 
amount of danger. Antispasmodic medication may relieve the alarming 
symptoms for a certain time but the intestinal wall may already be 
damaged and even necrotic, thus involving the danger of rupture. Later 
we w’ould have to operate under unfavorable conditions. I think when 
the diagnosis of an intermittent intestinal obstruction caused by gall- 
stone has been made, we should not postpone the operative procedure, 
which is quite favorable when performed under good general conditions. 

The operative mortality has formerly been very high, between 33 and 
92 per cent (Wagner). Failure of making a correct diagnosis and a too 
lengthy postponement of the operation are the main reasons for the high 
mortality. Early diagnosis and early operation lead to better results. In 
thirteen operations Petr6n had five patients cured and eight with fatal 
results. All seven patients operated upon between 1910 and 1924 died, 
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while five of six patients survived who were operated upon between 1928 
and 1938. Petrdn emphasizes that the improvement in results is certainly 
due to early diagnosis and early operation. Wakeley and Will way 
operated successfully upon eight out of eleven patients. 

X-ray diagnosis must be considered a great help for the diagnosis of 
gallstone ileus. Evidence of an internal bile fistula, i.e., communication 
between gallbladder and duodenum, can be given by x-ray examination 
in an interval between two attacks. 

Technic: Incisions. A right, lateral muscle-splitting incision at }Ic- 
Burney’s point is advantageous. This incision should not be too small. 
The chance of opening the peritoneal canty right over the critical spot 
is very good, and the advantage of limiting the extent of the operation 
m the abdominal cavity should certainty be attempted in any way pos- 
sible. "When we are forced to search the whole intestine, we should do it 
in a systematic way upward from the collapsed loops or, as a rule, take 
the ileocecum as a landmark for a search in both directions. 

I am in favor of putting back immediately anj' loop which has been 
investigated. The immediate eventration undoubtedly facilitates the 
operation for the surgeon but it increases the operative risk (shock, 
spreading of infection). While eventration in another kind of ileus can 
hardly be avoided, it can be avoided in most cases of gallstone ileus. This 
lateral incision over the ileocecal region also has the advantage of being 
extended for an exploration of the biliary system and the gallbladder, if 
necessary; and in case we should be forced to perform a cecostomy as an 
emergency, this incision has its advantages. From the technical point 
of view it is advisable before making an incision through the intestinal 
wall over the stone to move the stone from the spot of obstruction to 
another part, no matter in what direction, so that we can incise and 
suture at a spot where the blood supply of the wall is not damaged. 

Before opening the intestinal loop we should always wall it off care- 
fully from the abdominal cavity and the abdominal wall should be care- 
fully protected, the content of the obstructing loop being very infective. 
Any leakage and contamination should, therefore, be avoided. 

The loop to be opened should be clamped and the content between the 
two clamps around the stone carefully aspirated by means of a syringe. 

A cleansing also by means of a double way syringe must be considered 
as u^ful to avoid infection. Contamination of the abdominal wall may 
be followed by a long lasting necrotizing cellulitis. When there is any 
doubt about the blood supply or if there is suspicion of necrosis of the 
wall, it is much better to perform a resection of the bowel. Enterotomy 
should be performed only in advanced cases when the condition of the 
patient is very poor. Postoperative administration of penicillin and sulfa 
drugs should al«o be resorted to, if there is a ri^ of temperature. 
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ACUTE CONDITION OF THE GALLBLADDER 

Under this term is understood the acute obstruction of the gallbladder 
with all its complications. It includes also acute cholecystitis. Recent 
advances in pathology and surgery have proved to us that the usual 
form of classification of acute cholecystitis is not quite satisfactory from 
the practical point of view'. 

What we usually call with the popular name, "acute cholecystitis,” is 
in fact an acute flaring up of latent or chronic infection of the gall- 
bladder, which follows the sudden check of bile outflow caused by an 
acute obstruction in most cases by a stone blocking the cystic duct. 

In addition to this, the impacted stone may cause an interference 
with the blood supply, resulting in a check of the venous reflux and 
hemorrhagic infarction. This causes serious damage to the wall of the 
bladder, producing wide partial necrosis and leading to rupture or at 
least to the formation of deep ulcers in the case of purulent infection. 

There have been some cases reported in which this hemorrhagic 
infarction and partial or total necrosis of the wall was the real and 
only pathological change in the gallbladder, while one could hardly speak 
of an acute cholecystitis in the bacteriological sense. Not only the bile 
but also the gallbladder has been found sterile and the pathological 
changes were only those of a hemorrhagic infarction and not inflam- 
matory changes. 

In rare cases the obstruction was found to be caused by an axis 
torsion of the abnormally movable bladder, pedunculated only on the 
duct and the cystic artery with a small fibrous band connecting the 
bladder- with the liver bed. 

But in all the<?e cases the characteristic abdominal accident consists in 
acute obstniction, gallbladder ileus, as we may call it. When seeing the 
patient first we cannot and should not make any other diagnosis than 
that of acute obstruction of the cystic duct. The differential diagnosis 
of an acute cholecystitis or an acute hemorrhagic infarction following the 
obstruction can be made only when operating. It is worth while men- 
tioning also that even by x-ray W’e cannot make any other diagnosis than 
that of obstruction of the cystic duct. 

We should bear in mind that in practically all cases of so-called acute 
cholecystitis the acute obstruction of the cystic duct or of the neck of 
the bladder with its sequelae, namely, the check of the outflow and 
drainage of bile and the damage to the gallbladder wall, are the main 
pathological points; all other signs and symptoms, including possible 
complications, can be easily explained and understood. 

For obvious reasons the pathologist is rarely in a position to acknowl- 
edge the importance of the acute obstruction in all cases of acute chol- 
ecystitis. He examines only the excised bladder; no spasm can be found 
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any more, the stones may lie loose in the bladder and the vital im- 
portance of the obstruction may not be as evident in the specimen as it 
is when operating in vivo. But I can scarcely remember one single case 
of acute cholecystitis in which this factor of obstruction whether by 
stone, mucus or fibrin has not been evident. 

What I would like to emphasize here is that considering all the pos- 
sible consequences, the acute condition of the gallbladder may become 
at any time a matter of urgent surgery and must be discussed fully from 
clinical and pathological points of view. 

The following table gives a classification of the aspect of the acute 
condition of the gallbladder and its possible complications: 


SEQUELAE OF OBSTRUCTION OF CYSTIC DUCT 


(I) Acute Cholecystitis 



Shrunken 

Bladder 


(2) Hemorrhagic 
Infarction 
(Gangrene with or 
without secondary 
infection) 


(3) Axis Torsion 
of bladder 
(Gangrene) 


Empyema 

Perforation 


Free Perforation 


Localized Perforation 


General Biliary 
Peritonitis 


Biliary Abscess 
(Single or 
multiple) 


Internal 

Fistula 


(a) duodenal 
(small intestines) 


Gallstone 

Ileus 


b) colonic 


The pathological changes in the bile and the mucous membrane 
of the wall after such an acute obstruction of the cystic duct depend on 
various factors: the kind of virulence of the different bacteria, the reac- 
tion of the tissue and the general resistance. 

Pathology. The pathological changes in the gallbladder after an 
acute obstruction may be described as follows: 

The golden-brown color of the bile (bilirubin) changes through stasis 
into green by an oxydation process. The germs multiply and the cells of 
the mucous membrane react in producing mucus and fibrin. Leucocytes 
immigrate into the bile, which becomes turbid, and the amount of fluid 
increases considerably in a short time. The outflow being checked, the 
gallbladder distends and the initial acute colicky pain, indicating the 
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obstruction by a stone, is followed by a rather permanent feeling of 
pressure due to the distention of the bladder. 

Meanwhile not only an abundant secretion takes place from the mu- 
cous membrane into the gallbladder, but also a resorption, causing 
symptoms of general illness according to the virulence of infection : in- 
crease of leucocytes in the blood, fever and sometimes chills are ob- 
served. 

The obstruction may cease, especially when a spasm relaxes which has 
held the stone in its position in the neck of the bladder, and the acute 
symptoms may disappear. The stone may fall back into the fundus and 
the infectious content of the bladder may drain again through the cystic 
and common ducts into the duodenum. 

A certain amount of healing of the inflamed gallbladder wall takes 
place (formation of scars in the necrotic parts, adhesions with the sur- 
rounding organs, pericholecystitis) until another obstruction causes a 
new attack with recurring inflammation. But even when the obstruc- 
tion persists, the inflammatory process may calm down. The virulence 
of the bacteria decreases; the bile may even become sterile, the secretion 
stops, the tension in the bladder relaxes through a certain amount of 
resorption and the general symptoms of illness disappear. 

When the obstruction persists for a longer time, some definite char- 
acteristic changes occur in the bladder. 

Hydrops. Through the ferments of the leucocytes, the bile dyes may 
be discolored, the content of the bladder become clear and a so-called 
hydrops of the bladder may result. 

In the wall of the bladder some changes are observed: a certain 
amount of atrophy in the mucous membrane, atrophy of the muscular 
element, increase of fibrous tissue, formation of scars and thickening of 
serous layers. 

Clinically the patient feels a permanent pressure in the epigastrium 
and the right hypochondrium; the gallbladder can be palpated due to its 
enlarged size; in some patients definite signs of the lack of gallbladder 
function appear, namely, decreased tolerance to some food, especially 
fatty food, constipation, flatulence and belching. 

A hydrops of the bladder with its clear, mucous content and thickened 
wall may be considered as a chronic and rather benign final state of gall- 
bladder ileus which rarely requires urgent surgery. Clinical signs may be 
absent or limited to a slight chronic pressure or symptoms of the loss of 
function. 

Shrunken Bladder. Another final state of the permanent obstruc- 
tion of the gallbladder is the so-called shrunken bladder. The liquid 
content may become nonvirulent and even sterile and reabsorbed. 
Atrophy of the mucous membrane takes place; the submucous fibrous 
tissue shrinks to the size of a walnut and even a hazelnut, so that a stone 
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fill? the whole lumen of the bladder. A few drops of turbid mucus may 
remain. This shrunken bladder may be considered to a certain degree a 
process of spontaneous healing. 

Things are different when the infection in the obstructed bladder re- 
mains undiminished and the content becomes more and more purulent. 
An empyema develops. 

In these cases with purulent content the formation of ulcers and ab- 
scesses in the bladder is found very common; they grow in all parts of 
the wall, the liver bed especially is a favored spot for abscesses reaching 
deep into the liver tissue. The whole wall of the bladder may become 
affected by a phlegmonous inflammation with multiple abscesses which 
may spread into the different surrounding tissue and organs, even lead- 
ing to general septicemia. 

In most cases of this acute cholecystitis the obstruction has been 
caused by a stone impacted in the neck of the bladder or in the cystic 
duct. But there are other cases of virulent, acute inflammation in which 
the normal drainage of the bladder is apparently checked by the swelling 
of the mucous membrane. This check of outflow may be increased by 
a kink in the cystic duct following the inflammatory distention of the 
bladder. 

Acute infection of the bladder is observed in the course of different 
infectious diseases such as scarlet fever, erysipelas, puerperal septi- 
cemia, pneumonia and especially in infections with bacilli of typhoid an( j 
paratyphoid fever. 

In an epidemic during the first World War I have observed eighty-nine 
cases of such acute cholecystitis in a rather short time. I had to operate 
upon most of these patients as emergencies, some with a ruptured gall- 
bladder with biliary peritonitis, others shortly before perforation. 1'rom 
the bile it was possible to obtain a pure culture of typhoid or paratyphoid 
bacilli. 

Hemorrhagic Infarction. I would like to emphasize that a hemor- 
rhagic infarction as the basis for damage of the wall and cause for rup- 
ture is much more frequently found than would appear from the spe- 
cial reports in the literature. There are cases reported in which not only 
the hemorrhagic infarction of the wall was the outstanding pathological 
sign but also the more or less serious bleeding into the abdominal cavity 
after rupture. 

The following is a case recently reported by Mailer: 

The patient, a sixty-five year old man, had been in excellent health 
up to a week before admission. He then began to suffer from vague 
abdominal pain without any accurate localization. On the day previous 
to admission the pain in the lower portion of the abdomen became more 
severe; he vomited a quantity of brownish material. On examination 
the abdomen was found slightly distended and tender in the lower half. 
There was no response to enemas. Laparotomy was decided upon. 
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On opening the peritoneal cavity blood welled out and on further ex- 
ploration it was found that the abdominal cavity contained between 
three and four pints of partly fluid and partly clotted blood. The source 
of bleeding was found to be the gallbladder which had a rent about one 
inch long in the fundus near the point of reflection of the peritoneum 
from the liver on to its upper surface. Oozing of the blood was still tak- 
ing place from the ruptured margin of the rent adjoining the liver. 
There was a solitarj’ large stone in the gallbladder, which was removed. 
A tube was pushed through the rent and the gallbladder packed with 
gauze. The patient died three hours later. 

The postmortem examination showed that the entire wall of the gall- 
bladder was thickened and hemorrhagic. Tow ard the neck of the gall- 
bladder the mucosa presented a shaggy appearance. A linear perforation 
one inch long was present in the fundus close to the hepatic surface. 

Cultures taken under aseptic conditions from the content of the gall- 
bladder at the commencement of the examination were found to be 
sterile. 

Microscopical examination revealed that in sections approaching the 
fundus, capillary and venous congestion became more intense until 
finally toward the region of the tear the subscrous and fibrous muscular 
coats were massively infiltrated with blood no longer contained within 
the vessels but permeating the entire wall of the gallbladder like a 
hemorrhagic infarct. The striking feature was that the degree of inflam- 
matory reaction present in the section w'as very slight and the appear- 
ances were much more those of a circulatory disturbance. 

Similar cases are reported by Lcared, Schnyder, Gyellerup, Waters 
and Bartlett. 

These cases of extensive hemorrhagic infarction with rupture and 
bleeding into the peritoneal cavity are rather rare, but microscopical 
examination of the excised gallbladders have convinced me for several 
years that vascular disturbance and interference with the blood supply 
in the case of stone obstruction in the fundus of the gallbladder are much 
more frequent than is generally believed. This circulatory disturbance 
has its maximum effect upon the capillaries of the fundus. A rising 
tension in the gallbladder following the obstruction interferes also with 
the venous return from the gallbladder to the liver, thus increasing the 
circular disturbance. This primary damage to the wall through circular 
disturbance must be considered in many cases as the primary lesion, 
while infection and local inflammation with formation of ulcers in the 
damaged wall must be considered as a secondary lesion. 

This conception satisfactorily explains the striking feature that in 
spite of serious necrotizing inflammation the wall of the damaged 
bladder has been found so frequently sterile. 

Here we cannot obviously speak of an acute cholecystitis in spite of 
the fact that all clinical and pathological signs appear to be identical. 
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The process is comparable rather to the hemorrhagic infarction in an 
intestinal loop following a thrombosis of a mesenteric vein. 

Denton and Feinblatt have found intramural edema in venous con* 
gestion in milder cases and hemorrhagic infarction and gangrene as 
features of the severe types. Aschoff also mentions hemorrhages in his 
monograph but is rather inclined to attribute them secondarily to the 
infection. 

All these pathological facts support the opinion mentioned above 
that the obstruction of the cystic duct is the primary and most im- 
portant one. This acute obstruction is the real meaning of the so-called 
acute condition of the gallbladder as a matter for urgent surgery. 

Axis Torsion of the Gallbladder. This form of an acute obstruc- 
tion is somewhat rare and is due to an anatomical abnormality. It can 
occur only when the gallbladder, entirely covered by serosa, is freely 
movable and only pedunculated on the cystic duct or connected with the 
liver by a band near the neck of the bladder. For obvious reasons, in 
such a pedunculated bladder an axis torsion may easily occur, followed 
by acute obstruction of the outflow of bile and a checking of the blood 
supply. Gangrene and rupture may quickly ensue. Several cases are 
reported in the literature. 

Trauma and suddenly increased pressure on the abdominal wall are 
sometimes given as causes but in other cases no accidental reason can 
be given at all; the patient has an acute abdominal attack, which is 
usually taken as gallstone colic or acute appendicitis. 

A clinical diagnosis has, therefore, never been made in any of the few 
ca«es reported in the literature, but the indication for an urgent opera- 
tion is always given. Huddy has reported the case of a woman of 
seventy-one whom he operated upon for a lump which he believed to be 
an appendicular abscess. The lump proved to be the gallbladder which 
had made one turn on its neck in an anticlockwise direction. It was 
hanging from the liver edge and only a narrow mesentery was found in 
the region between the liver and the neck of the bladder. After removal 
of the twisted gallbladder, which could be performed very easily, the 
patient recovered. In another case, described by Irving, the gallbladder 
had undergone a complete rotation, the twist being not in the cystic 
duc t but in the gallbladder itself. 

Wien operating at an early stage, before gangrene and peritonitis 
have set in, the prognosis is favorable. The operation consists in removal 
of the bladder. From the technical point of view the operation is easy 
and can be performed very quickly owing to the fact that the organ is 
freely movable, pedunculated only on the cystic artery and the cystic 
duct and not fixed to the liver bed. After simple ligation of the pedicle, 
the organ can be removed. No drainage is necessary, if perforation and 
peritonitis have not taken place, but a covering of the stump with 
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peritoneal tissue from the hepatoduodenal ligament is always advisable. 

Clinical Signs of Gallbladder Obstruction. The patient is taken 
ill with a severe colicky, doubling-up pain in the right upper portion 
of the abdomen. Occasionally, cold drinks or a fatty meal are mentioned 
as the cause. At other times the attack takes place in the middle of the 
night, when no cause for the sudden obstruction can be found. Chill is 
observed but not in all cases. The region of the bladder is very tender, 
muscular rigidity is pronounced, no jaundice follows the attack and 
fever is frequent. The increase of leucocytes depends on the degree and 
kind of the infection. The peritoneal irritation may remain as it is after 
the first attack, or may spread downward, a valuable sign that the case 
is urgent. 

In some instances acute obstruction takes place with less dramatic 
symptoms. The patient complains only of the very characteristic pres- 
sure on the epigastrium, “cystic duct symptom,” sometimes piercing 
through to the back. Pains in the shoulder are observed in a good 
number of cases. The right phrenic nerve is generally more tender than 
the left one when pressed on the outer border of the sternocleidomastoid 
muscle. All other clinical signs depend on further developments: the 
spreading of infection with formation of abscesses, or rupture with 
general or localized peritonitis. 

The most dangerous accident following the obstruction of the gall- 
bladder is necrosis leading to rupture. This may follow the acute ob- 
struction in a very short time, between twelve to twenty-four hours. 
This happens in the majority of cases when the acute infection has been 
of recent date and the wall of the bladder has not been thickened after 
previous attacks. In my own cases of such bladder perforation into the 
free abdomen the wall was rather thin without any adhesions. 

Cholecystography has proved of outstanding value for all gallbladder 
diseases, especially for the obstruction of the cystic duct. The dye 
(tetraiodophcnolphthalein) given orally or intravenously is secreted by 
the liver cells with the bile and can icach the gallbladder only through 
the cystic duct. The appearance of a gallbladder shadow between four- 
teen and eighteen hours after application of the dj r e is, provided a cor- 
rect technic has been employed, so reliable that we may conclude from 
the absence of a gallbladder shadow in a series of x-ray pictures that 
the cystic duct must be obstructed in some way. 

It can be said that nowadays the diagnosis of obstruction of the cystic 
duct is based chiefly on the x-ray examination. 

In the very acute stage of an obstruction we certainly do not perform 
a cholecystography. But when the acute symptoms disappear quickly 
so that we can postpone the operation, it is always wise to confirm the 
clinical diagnosis by cholecystography. 

Clinical Signs of Rupture of the Gallbaldder. It is sometimes 
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very characteristic that in case of rupture of the bladder the patient 
/eels relief, as is usually the case when an organ or an abscess under 
heavy tension bursts. Therefore, the typical painless interval between 
rupture and appearance of the sign of general peritonitis sometimes 
arouses dangerous optimism in the observer. 

The signs of general peritoneal irritation start in the right side of the 
abdomen. The tenderness and rigidity of muscles can be more pro- 
nounced occasionally in the lower portion of the abdomen causing great 
difficulty in distinguishing this condition from a perforated appendix. 
Tenderness in the intercostal space downward from the eighth rib, in 
the side and behind is sometimes significant. Dullness follows in the 
whole right side of the abdomen due to the liquid content. The symp- 
toms of general peritonitis, however, sometime develop very quickly. 
The bowels become distended, no flatus passes and the rate of respira- 
tion increases; but characteristically the pulse rate may be low in con- 
trast to the serious general aspect (result of reabsorption of bile salts; 
see injuries). 

Fluid in the peritoneal cavity can be diagnosed in the very first hours, 
much earlier than would be the case if this fluid were caused by in- 
flammation. Skin and conjunctivae become stained slightly yellow. In 
the urine bile d3’es are found after a few hours. 

The differential diagnosis from that of perforation of a gastroduodenal 
ulcer or an acute appendicitis may sometimes be very difficult. In these 
cases of gallbladder perforation, as before mentioned, the acute pain 
relaxes practically immediately after the perforation, while in the case 
of gastric perforation relief after the rupture is rare and the extreme 
rigidity of the abdominal muscles in the epigastrium is very significant. 
The disappearance of the dullness over the liver, caused by the presence 
of air in the abdominal cavity between the diaphragm and convexity 
of the liver, can easily be seen on the x-ray screen with the patient in an 
erect position. 

The differential diagnosis between gallbladder perforation and the 
perforation of a high appendix may in earlier stages prove difficult and 
even impossible. One must be satisfied with the general diagnosis-per- 
foration — and operate only with that point of view in mind. 

Localized Perforation. When because of former attacks of inflam- 
mation extensive adhesions (pericholecystitis) have been formed be- 
tween the gallbladder and surrounding organs, such as the duodenum, 
colon, omentum or anterior abdominal wall, the content of a ruptured 
bladder will empty not into the free abdominal cavity but into the 
spaces between the adherent organs, thus forming a localized biliary 
abscess. 

Stones may also empty into this abscess which may spread down- 
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ward along the ascending colon, causing more or less widespread infec- 
tion in the abdominal cavity. In other cases the abscess .may perforate 
into the subphrcnic spaces, causing subphrenic abscesses; or it may even 
perforate into the abdominal wall and cause a cellulitis there. 

The clinical signs are less stormy than in the case of free perforation. 
Usually a severe colic precedes perforation. But muscle rigidity is very 
pronounced and much more extensive than in ordinary colic. It some- 
times embraces the whole right portion of the abdomen. Temperature 
is high; leucocytes are found up to as high as 20,000, and bile dyes arc 
found in the urine. The persistent and spreading rigidity of the ab- 
dominal muscles and the undiminished or even increasing tenderness 
lead to the right diagnosis. 

A purulent gallbladder in a state of acute obstruction may perforate 
into the adherent duodenum or colon, causing a spontaneous fistula. 
When perforating into the colon, a serious septic state may result be- 
cause fecal masses from the colon pass through the fistula into the gall- 
bladder, there causing a fecal cellulitis with wide necrosis and abscesses 
in the liver. 

These patients develop a serious condition of septicemia with alternat- 
ing temperature, chills and even jaundice. Such a case will be reported 
later when describing the electrosurgical operation, which gives the most 
satisfactory results in these instances. 

Stones perforating through such a fistula into the duodenum may be 
very large at times and give rise to gallstone ileus. 

Surgical Indications. I have discussed these sequelae to an acute 
obstruction of the bladder fully because they are of outstanding im- 
portance for surgical indications, i.e., to what degree this condition must 
be considered a matter of urgent surgery. 

Now the following questions must be answered: What is the frequency 
of perforation? How frequently does general peritonitis follow gall- 
bladder perforation? How is the mortality rate affected under conserva- 
tive treatment and under delayed operation? 

Recent statistical figures on a larger scale present quite a different 
picture to what has been commonly believed. 

First, it was said that the danger of perforation in acute cholecystitis 
is very small and can by no means be compared with the danger of per- 
foration in acute appendicitis. On the other hand, when perforation 
takes place the danger of general peritonitis is much less than in acute 
appendicitis. Therefore, conservative treatment is quite justified and 
operation can be considered in practically all cases as in interval 
operation. 

I mention a few statistical figures of recent times : In a series of 474 
cases, collected by R. Franklin Carter, Carl H, Green and John Russel 
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Twigs, there were forty-six perforatioas i.e., 9.7 per cent took place 
under conservative treatment. The mortality rate was 19.5 per cent; at 
subsequent operations the morbidity was very high. Seventy-seven per 
cent of all ca«es of perforation had peritonitis at the time of operation, 
60 per cent of whom had a diffuse or generalized peritonitis, while 40 
per cent were localized by the omentum and colon. 

The high incidence of peritonitis in an acute perforation has been 
emphasized and substantiated by the findings of Heuer, Boyce, Veal 
and MacFetridge. They emphasize the double menace of diffuse peri- 
tonitis in acute cholecystitis. 

I cannot go into details here on the valuable and most interesting 
evidence given in statistical figures by these authors. But, as they say, it 
is reliable evidence against the teaching of "watchful waiting." 

Their conclusions are: 

(1) Perforation of the bladder during an acute attack is as frequent 
and as fatal, judging from statistical reviews, as they found it in acute 
appendicitis. 

(2) Perforated cholecystitis in our ca^es did not localize as frequently 
as has been reported in other series. 

(3) Watchful waiting is not a safe method. 

There can be no doubt that in recent times surgeons with special 
experience in gallbladder surgery have come to accept more and more 
the opinion that there is danger in any delay. This is not surprising for 
any one who has tried to follow earefullj* the pathological changes 
resulting from an acute obstruction. It i-5 rather more surprising that it 
took such a long time for the danger of undue delay to be realized. One 
reason is that clinical symptoms give no clear evidence as to what 
actually happens in the abdomen. Even in the case of gangrene following 
the obstruction symptoms may entirely disappear after the attack. 
Sometimes the attack may itself be a very slight one. 

Cholecj'stography giving evidence of obstruction of the cystic duct 
ushering in serious damage to the wall lias proved of special value in 
these cases. I quote briefly the following case, from the year 1924, the 
first year of cholecystography: 

A patient complained of sen«ation of pressure in the epigastrium and 
undefined signs of stomacli-gallhladder trouble. Cholecystography gave 
evidence of an occlusion of the cystic duct. The clinical symptoms being 
very slight, I could not make up my mind to perform the operation and 
decided to make another cholecystographic study a week later. Again 
total obstruction of the cystic duct was found and I decided to operate 
upon the patient in spite of his unalarming symptoms. A partial necrotic 
gallbladder filled with stones was found in statu perforationis. 

The clinical signs of peritoneal irritation would certainly have ap» 
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peared on the next or following days, but the most favorable time for the 
operation would then have been missed. 

Heuer has studied 1,565 cases of his own, and in addition 35,000 
cases of gallbladder disease gathered from recent literature. He states 
that gangrene and perforation take place in 20 per cent of all cases of 
so-called acute cholecystitis when not operated upon. Similar figures are 
given by Kumath: Among 103 cases 23 per cent were perforated. 
Furthermore, complications arising from an unoperated acute chol- 
ecystitis are responsible for a mortality of 20 to 40 per cent under con- 
servative treatment. These figures, based on a thorough study of 
numerous statistics, give a different picture from what was usually 
believed, namely, that there is a definite tendency toward healing in 
acute cholecystitis or at least toward reaching a rather harmless state 
in which operation may or may not be considered. Valuable statistical 
figures from different points of view, and answering many of the most 
burning questions, have been published by Heyd and Hotz. We must 
state that the majority of surgeons, especially in America, have become 
more radical and now advocate early operation as a routine. I quote H. 
Graham: “The time has come when one must justify any delay in re- 
moving the acutely inflammed gallbladder.” And I quote another 
sentence from C. G. Heyd: “Teachers of surgery who lend their prestige 
and give support to a policy of waiting, provide authority for timid 
surgeons, inexperienced operators and procrastinating practitioners.” 

My own point of view I may state as follows: The pathological changes 
discussed evidently show that what we have previously called an interval 
is sometimes not a real interval. Clinical signs may disappear, but the 
process advances in the majority of cases, giving rise to a considerable 
percentage of serious complications that endanger the life of the patient 
and influence the result of the operation, which we are finally compelled 
to perform under less favorable conditions. To wait for the chance of a 
so-called real interval, which may or may not come, is a gamble for 
which we cannot undertake the responsibility, when we realize the fact 
that the statistical figures prove that the wall of the bladder is in 25 per 
cent of these cases damaged to such a degree that necrosis, free or 
localized perforation, or spreading infection takes place. Therefore, I 
believe we should consider the acute obstruction of the gallbladder, 
gallbladder-ileus, acute cholecystitis, or whatever we may call it, a 
matter of urgent surgery in all cases. 

However, I am not in favor of immediate operation after the attack. 
The reason is the same as that discussed under cases of abdominal in- 
juries, namely, that we should avoid operating on a patient while in a 
state of shock, if possible. All intra-abdominal accidents — and as such 
we must also consider acute obstruction of the cystic duct — -imply local 
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shock as well as general shock to the tissue, thus damaging the biological 
defense. The signs of such shock, however, subside in twenty-four to 
thirty-six hours. We can w ait this length of time, carefully watching the 
patient to see whether the abdominal symptoms tend to diminish or 
become more aggravated. An icebag is put over the bladder and general 
preoperative treatment should start according to the special case: 
intravenous injection of hypertonic 50 per cent glucose for the acute 
edema of the liver which is practically always present in these cases; in- 
jection of calcium and parathormone because of the increased tendency 
to bleed during the acute attack. Meanwhile the bile pigments in tbe 
blood should be estimated. After thirty-six to forty-eight hours the pa- 
tient should be operated upon provided no free perforation calls for 
immediate intervention. 

Technic of Operative Procedures 

The aim of the operation for acute obstruction of the gallbladder is 
(1) to empty and drain the obstructed bladder and thus prevent necrosis, 
rupture and all the afore-mentioned consequences; (2) to cure the disease 
radically. Obviously, when operating upon the patient we should do our 
best to achieve the aim of point two, i.e., to cure the patient by means 
of the operation, and not only to obviate the immediate danger to life. 
The aim mentioned in point one can be achieved by cholecystostomy, 
which is here described. 

Cholecystostomy. Cholecystostomy is the oldest operation in gall- 
stone surgery (see comments) and was already mentioned in the Middle 
Ages when a surgeon opened a swelling of the right upper abdominal 
wall on the supposition that it was an abscess. Instead of the expected 
simple pus he found a thick, bile-stained purulent liquid and gallstones. 
J. L. Petit was the first deliberately to perform a cholecystostomy in 
1743 for the removal of stones. Thudichum has described a two-stage 
cholecystostomy, the first stage consisting in suturing the gallbladder 
to the abdominal wall in order to open it more safely in the second stage. 
Kocher was the first to perform a planned cholecyst ostomy in 1878. 

Technic. The operation can be performed easily under local anesthesia 
with the addition of gas-oxygen. On the operating tabic the patient is 
placed in the position of artificial lordosis so as to bring the liver to the 
surface and thus facilitate exposure. 

Incision. The incision should be small. In case of a pure cholecystos- 
tomy is performed, the choice of the incision is not difficult because in 
most cases the gallbladder is easily felt as a lump through the abdominal 
wall, and a transverse or midrectus incision should be performed right 
over the fundus of the gallbladder. 

After having opened the abdominal wall, the gallbladder appears 
either freely movable or adherent to the surroundings, and sometimes 
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even entirely covered with omentum. In case the gallbladder is free, it 
should be “walled off” from the abdominal cavity with moistened 
laparotomy pads. If loops of the small intestines appear in the operative 



field, Spivack suggests first spreading the omentum carefully over the 
small bowels and then inserting the laparotomy pads. This very useful 
procedure eliminates the troublesome feature of the small bowels appear- 
ing in the operative field. 

The gallbladder being under tension, it is wise in most cases first to 
aspirate the liquid content by means of a two-way syringe (Fig. 137). 
This can be done safely without a drop pouring out of the puncture. The 
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gallbladder can be washed out with a slightly antiseptic solution by 
means of the same syringe (Fig. 138). Before removing the needle, the 
wall around the opening is grasped bv a forceps and pulled through a 
small hole of a moistened laparotomy sponge. The assistant grasps the 
gallbladder between two forceps and the wall is snipped with scissors 



wide enough to introduce the forefinger. With this finger the inner coat 
of the gallbladder is thoroughly searched. This procedure is essential 
and I do not think it is advisable to introduce a forceps only for removal 
of the stones. With the finger we have to satisfy ourselves that all stones 
are removed from the bladder; the liver bed should aho l>c carefully 
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searched for any abscesses in which stones may be easily hidden (Fig. 
139). ■ 

It is also advisable to make sure that fresh, brown bile empties through 
the cystic duct into the bladder as a sign that the cystic duct is free. 



Fio. 139. Stone perforating into the liver bed. 

When the cystic duct is still obstructed, we should slip two fingers along 
the outside wall of the bladder, try to draw the stones from the cystic 
duct back into the bladder and then remove them. When stones are 
overlooked in the cystic duct, they may either slip into the common 
duct, causing manifold and even fatal complications in the later course, 
or when remaining impacted may give rise to a fistula. 
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After having emptied the gallbladder of all stones, a rubber tube of 
about one-half inch diameter is introduced into the gallbladder and 
fixed there by a purse-string suture. The end of this long, catgut thread 
is knotted around the rubber tube in order to keep it in position. The 
mucous membrane should be entirely inverted. This procedure prevents 
to a certain degree postoperative fistulae (Fig. WO). 

The further procedure depends on the Individual case. We may intro- 
duce a simple rubber drain along and outside the gallbladder or, where 



Fig. HO. Cholecyst ostomy. Insertion of a rubber tube. 

there is a badly inflamed wall, it may e\'cn be advisable to place a .small 
pad instead of a rubber tube. A suture of the gallbladder to the peri- 
toneum is seldom advisable. When it i" performed, care should be taken 
to avoid tension. When a pad has been inserted, it should not be loosened 
or removed before the eighth or tenth day. 

Comments on the Operation. Cholecyst ostomy was the routine operation 
before cholecystectomy was introduced in 18S2. It has been gradually 
abandoned by surgeons except in ca^es of emergency. It ha" been revived 
again especially by Rovsing not only for emergency operations but al-o 
in order to preserve the functioning organ. It must he stated quite 
definitely that these attempts have proved faihiie-. C’holeey.sl ostomy 
cannot restore the function in an inflamed gallbladder a- x-ray examina- 
tions have shown. It is no u-c performing a choleey.-t ostomy with thi*> m 
view. 
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It must be admitted that in some cases, especially in acute empyema 
with only one obstructing stone, cholecystostomy 1ms sometimes good 
and lasting results; but ns a whole we must say that (lie idea that 
cholecystostomy is a harmless operation in serious cases and has a low 
mortality rate, is obviously not quite correct. DcCourcy found a mor- 
tality of 2S.5 per cent of the cases and Ilcyd and Ilotz, analyzing 3,080 
operations found a mortality rate of 28 per cent in acute cholecystitis. 
The cause of death is hardly ever the operation itself hut. rather the 
uncontrolled and unremoved pathological changes such as abscesses In 
the liver bed, a phelgmonous inflammation of the wall which spreads in 
spite of the operation, stones left in the common duct, consequent, 
cholangeitis, and others. 

I have personally abandoned cholecystostomy and have not per- 
formed it since 1926. My main objections to this operation are the 
following: 

1. When opening and draining the gallbladder only, and even when 
removing any stones through the cholecystostomy opening, the phlegm- 
onous inflammatory process of the gallbladder is by no means controlled 
in all cases. We frequently find ab*ecs‘cs penetrating not only deep Into 
the liver bed, but also into the surrounding of the neck of the bladder, 
particularly when stones arc lodged there. Such abscesses may easily 
be overlooked when performing a simple cholecystostomy. I was fre- 
quently able to convince myself of such findings and came to the con- 
clusion that a cholecystostomy would have been utterly insufficient in 
such cases. Thb fact alone is sufficient explanation for the high mortality. 

2. Another seriou« objection is the fact that wc never know for cerf nut 
whether there arc not at the same time concretions in the common duel. 
A purulent cholangeitis may be concealed under the dramatic symptom** 
of acute gallbladder disease, and cholecystostomy may in thin euw re- 
lieve only one part of the tlwssw*, and in wwne not even the mod, 
urgent one. 

I think it will be in order to mention a ca«e which illustrate--* ihix fact 
and which has been the turning point for me in rejecting chfjU-ryfdoHorny: 

A man, fifty-four years of age, in a good general state, had a s'-rioo' 
galbt one attack, lasting a few hours. The gallbladder v,a« palpable and 
conservative treatment wa* carried out for a week. Temperature re- 
mained subfebrile between 00 and 100’ F. Another attack with aggravat- 
ing symptoms forced the surgeon to perform an urgent operation. 
Cho!ecy*V^tomy wa.s done and the mucous membrane of the gallbladder 
wa* fcjjd purity necrotic and Jooee in a turbid but not purulent bile- 
stained £v3d, /, stone was removed, which wa* thought to f/ - - a «oYit&ry 
one. 

The reeo'/e?/ // fbe patient wa* very satisfactory in the fir>t w<-ek, 
but toon chill? friA j&undiee set in. A reptic eholangeiti? develof>ed. A 
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second operation had to be performed, but the patient died as a sequel 
to septicemia following the septic cholangeitis. 

No postmortem examination was performed but the clinical picture 
gave quite a clear idea as to the pathological event. 

This operation was performed by a very experienced surgeon who was 
strongly in favor of cholecystostomy. 

The fact that when performing cholecystostomy we cannot satisfy 
ourselves about the whole underlying pathological process seems to be 
one of the greatest disadvantages of the operation. On the other hand, 
even thinking of cholecystostomy as a primary operation only and hav- 
ing in mind the performance of a radical operation at a second stage, 
we must say that we have no guarantee, as shown in the above men- 
tioned case, that the second operation will be performed under more 
favorable conditions. 

McKenty, referring to a case in which he had performed cholecysto 1 *- 
toiny in the first stage and a radical operation at a second, says: “My 
refusal to do a cholecystectomy during an acute attack on her first ad- 
mission was a serious blunder, involving dangerous morbidity.” 

Summarizing I should like to express my personal opinion, that owing 
to the progress of the technic of a radical operation, especially the elec- 
tro'oirgical operation, cholecystostomy' is justified only in very’ excep- 
tional cases. I mean cases which are determined more by general condi- 
tions such as extreme old age of the patient and complications arising 
from other diseases (heart failure, serious bronchitis, pneumonia, etc.) 
or surrounding conditions such as the absence of an experienced surgeon 
or the neces.-ary surgical equipment for a radical operation. 

Furthermore, cholecy’st ostomy* may be justified when the acute ob- 
struction of the gallbladder is combined with acute pancreatitis. An 
extensive laparotomy involves a great risk in acute pancreatitis, espe- 
cially in its early stages. Many surgeons, and I must agree with them, 
ha\-e for this reason abandoned the operation for acute pancreatitis 
in the very first stage. But sometimes, when performing an exploratory 
to.patataray far peritonitis, we have to face a rather unexpected pan- 
creatitis. In other cases we have to operate for gallbladder disease and 
find in addition an undiagnosed acute pancreatitis. When for certain 
reasons one is reluctant to perform a radical operation on these patients, 
it is apparently justified to perform a cholecystostomy for external 
drainage as the simplest and quickest procedure, provided the drainage 
of the bile through the cystic duct is secured. The best proof is the 
golden-brow n color of freshly’ secreted bile. When the color of the bile is 
dark brown or greenish, it is a certain sign of stasis and obstruction of 
the cystic duct. There is obviously* no use in performing a cholecystos- 
tomy’ for pancreatitis in such cases. Proper drainage can be achieved 
only when opening the common duct. 
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Radical Operations. These are the classical chcle cystectomy and 
the electrosurgical operation. In all abdominal operations it is essential 
to secure an uneventful postoperative course. This can be obtained by 
covering all wounded parts in the operative field with serous tissue and 
before closing the abdominal wall to sew together any wound in the 
serosa caused by the operation. This procedure, which is called peri- 
tonization, has contributed a great deal toward lowering the operative 
risk. It should be most important to apply this sound principle when 
operating on the gallbladder as well. The difficulty lies in the covering 
of the liver bed, which frequently remains a wide bleeding area after 
the gallbladder has been removed in the classical way. Furthermore, 
small superficial bile ducts can be laid bare and bile may ooze out of this 
wounded area. In a state of acute inflammation the injured liver bed 
may be the source of a spreading infection and endanger the result of 
the operation. There is no doubt that the operative risk has proved to 
be much higher because of spreading infection and many other post- 
operative complications when operating during the acute stage rather 
than during the interval. The principle of the interval operation has 
been widely adopted. On the other hand, the surgical technic followed 
a different course and experiments were made to obtain peritonization 
in all cases of gallbladder surgery. 

The so-called subserous cholecystectomy was further developed. The 
electrosurgical destruction of all infected tissues combined with the 
sewing of peritoneal flaps at last obtained the ideal conditions for peri- 
tonization. The mortality rate sank to a low r level with this technic, 2 
to 3 per cent, and there was no longer a greater risk when performing 
an early operation in the acute stage. 

Having had experience with the electrosurgical operation since I92G 
in more than 1,000 cases, I do not hesitate to say that this procedure 
certainly deserves preference over the classical cholecystectomy. The 
advantages of this operation are especially striking in urgent surgery 
when operating upon patients who are badly infected. It would give a 
wrong impression of my conviction, which is the result of long experi- 
ence, if in describing both operations I were to leave the choice of the 
operation open to the student. Furthermore, the indications and favor- 
able results mentioned previously are based also on the experience ob- 
tained with this procedure. 

The following is a description of the technic which I now use as a 
routine: 

Before the patient is placed in the correct position, the neutral elec- 
trode is bandaged on. The usual place is both thighs, but a rubber 
cushion covered by fine wire net on which the patient lies has also 
proved very useful. The patient is raised to a position of lordosis. In this 
position the liver is brought to the surface of the anterior abdominal 
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wall and the exposure of the lower surface of the liver is greatly facili- 
tated. Furthermore, the pelvis is lowered, so that the intestinal loops 
fall into the lower parts of the abdomen and do not interfere with the 
operative field. 

Incision. I have tried almost all the incisions described. Each has its 
drawbacks and advantages. But for fourteen years I have applied only 
the costal incision which undoubtedly has proved the most satisfactory 
in over 1,000 cases. The exposure is perfect and the healing tendency 
very favorable, so that I have not observed any incisional herniae or 
paralysis of the abdominal muscles even after long lasting drainage and 
suppuration. These experiences have been confirmed by Orator, Stcge- 
mann (in more than 700 cases), Mirizzi, and Usadel, who agree that the 
costal incision is the best for all operations upon the liver and biliary 
tract. 

One of the favorable points of the costal incision in my opinion is that 
the abdominal cavity is opened very high and over the very spot of 
the operative field. This fact has proved to be important since we know 
that there is a certain local immunity in the abdominal cavity limited 
to the inflamed area. As long as we operate in this area, the tendency 
to heal is most favorable. We may even close the abdominal cavity 
without any drainage. The postoperative course is ordinarily unevent- 
ful, and movement of the bowels sets in after two days without any 
help. This need for not surpassing the immune area in gallbladder in- 
fections is not fulfilled when opening the abdominal cavity by the 
median, paramedian or transverse incisions underneath the costal arch. 

Considering this fact of local immunity I also do not think it wise to 
perform a “by the way” appendicectomy through the same incision. 
When an appendicectomy is necessary, I think it more reasonable to 
perform the operation through a special small incision over McBurney’s 
point. After haring opened the abdomen and ligated all blood vessels 
thoroughly the round ligament is cut between two ligatures which are 
left long enough so that they can be tied together at the end of the opera- 
tion. The falciform ligament is also incised and bleeding vessels, which 
are always found, are tied up. 

Protection of the Abdominal Wall. Careful protection of the abdominal 
wall is important because it is sometimes impossible to avoid infected 
bile from soiling the operative field. This is hardly important in the 
immune intraperitoncal operative field, but it may interfere with 
primary healing of the abdominal muscles. For complete protection the 
following procedure has proved satisfactory: 

The abdominal wall is covered first with gauze and then with oilsilk. 
This protection is held in position and fixed by speciat clamps during the 
whole time of the operation. A self-retaining retractor should always 
be med. It keeps the operative field open during the whole operation 
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without the help of the assistant’s hands, which are not always steady 
and which may be used for other purposes. 

Walling Off of the Abdominal Caiity. The operative field is walled off 
from the lower part of the abdomen and the left side by laparotomy 
pads moistened in warm saline solution. Each pad is secured by a tape 
and a ring. One roll of gauze is pushed downward under the abdominal 
wall; this holds back the colon and duodenum. The pad must be thick 
enough so that it is impacted between the posterior and anterior walls 
and is unshaken during the whole time of the operation. A second roll of 
gauze is forced between the vertebra and the anterior wall; this holds 
back the pyloric region. A third pad is introduced into the foramen of 
Winslow. In badly infected cases it is advisable to introduce a fourth 
pad between the convexity of the liver and the costal arch, thus protect- 
ing the subdiaphragmatic space. 

When applying the costal incision it is never necessary to displace the 
liver. This should be avoided because traction on the diaphragm must 
be blamed sometimes for postoperative congestion and hypostasis on 
the right lower pulmonary lobe. The assistant holds up the liver gently 
with a spatulum when necessary. 

The next procedure depends upon the particular findings. When ad- 
hesions arc found around the bladder, they are divided with scissors 
and any bleeding should be thoroughly controlled. The adhering organs 
are the omentum, the colon and the duodenum. In these cases the walling 
off is performed only when the gallbladder has been freed. In the very 
acute stages of inflammation fibrin and gelatinous edema are frequently 
found. A separation in these cases can be done very gently with the 
finger. When the adhesions are firmer, we should ‘make certain as to 
whether a localized perforation has taken place or whether a fistula be- 
tween gallbladder and colon or gallbladder and duodenum has been 
established. 

When the gallbladder has been freed from adhesions, it is advisable 
to empty it by means of a two-way syringe. The liquid content is 
aspirated and emptied into a receptacle (Fig. 138). The gallbladder is 
washed out several times with a warm saline solution and finally with a 
slightly antiseptic solution. The organ is then entirely emptied by aspira- 
tion and the needle removed from the collapsed bladder. 

The whole process can be carried out without losing a drop of liquid. 
The emptying of the very enlarged bladder facilitates further dealing 
with the cystic duct which follows. The obstructing stone in the neck of 
the bladder or in the opening of the cystic duct is grasped between 
middle and forefingers of the left hand and the cystic duct thus straight- 
ened. The overlying serous covering is divided with long scissors and a 
silk thread is put under its proximal end by means of an aneurysm 
needle (Fig. 141). This ligature can be tied immediately, the thread 
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forming a good hold when the opening of the cystic into the common 
duct is laid bare. The operative field must be clearly visible before put- 
ting the distal ligature near the common duct. This maneuver of making 
the anatomy clear can be illustrated by the following sketches showing 
the different abnormalities. More frequently than one would imagine, 
the common duct is injured or even totally divided at this stage of the 
operation. 

Fig. 105, a. This shows one of the most typical and normal aspects of 
the anatomy of the cystic duct. When pulling on the cystic duct, it is 
quite easy to place the distal ligature partly on the common duct, which 
then becomes strictured or even entirely ligated. It should always be a 
strict rule not to use clamps for the occlusion of the distal part of the 
cystic duct but to place a ligature which is tightened only when the 
anatomy is perfectly plain. 

Fig. 105, d. This shows how the cystic duct winds behind the com- 
mon duct and empties from the left instead of the right side. It is evi- 
dent that in these cases it is very easy to grasp and ligate the common 
duct instead of the cystic duct. 

Fig. 105, c. This sketch shows the cystic duct lying parallel with the 
common duct and emptying only over or into the papilla. This ab- 
normality is especially important in the case of common duct stones. The 
surgeon tries to introduce a probe through the cystic duct, which must 
obviously be a failure in these cases. 

A rare ca«e of abnormalit y of the bile ducts is illustrated in figure 124 
in which a single hepatic duct empties into the neck of the bladder and 
the bladder empties directly into the common duct. This abnormality 
can be described as a congenital absence of the cystic duct. Obviously 
in these cases cholecystectomy must lead to a defect in the single com- 
mon duct, as I have experienced in one case. The picture shows how the 
immediate repair of the divided common duct had to be performed over 
a rubber tube (Fig. 126). 

Summarizing, I should like to say that it is most important and prac- 
tically always possible to deal with the cystic duct before removing the 
bladder or to perform electrocoagulation. The laying bare of the cystic 
duct is also important because no stones should be left in the cystic duct 
which may slip into the common duct, thus causing later complications 
and real recurrences in spite of the operation (Fig. 141). 

I think the most important technical advice is that the use of a clamp 
instead of a primary proper ligature on the stump of the cystic duct 
adjacent to common duct should be strictly condemned. This use of a 
clamp is one of the main reasons for injury to the common duct. 

Cystic Artery. It is always advisable to ligate the cystic artery when it 
is easily accessible and when not too much time is wasted in searching 
for it. The bleeding of the bladder is much lessened, otherwise we have 
to put ligatures on several branches which have to be divided later. 
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It is advisable, furthermore, to ligate the cystic artery in its entirety 
without dividing it, the reason being that when operating upon the 
common duct or al«o on the gallbladder, the central ligature may easily 
slip or be pushed away from the stump by some peritoneal pads or the 
spatulum of the assistant. In these cases a severe bleeding may occur. 
This maj' mean not only the holding up of the operation but it may 



Fia. 141. Peritoneal covering of the cystic duct is divided and 
a ligature is placed on the duct. 

sometimes prove rather difficult to put a clamp on the stump of the 
cystic artery which may slip under the common duct. When such an 
accident occurs during the operation, it is well to try to compress with 
two fingers the hepatoduodenal ligament and in it the hepatic artery 
before searching for the stump. But this accident can be avoided when 
the cystic artery is only ligated and not divided. There is no point in 
division. 
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Abnormalities of the cystic artery are very frequent. Usually it lies 
above and behind the cystic duct. But all sorts of variations are de- 
scribed which explain the fact that the artery sometimes cannot be 
found in its regular place. 

The next step depends on the appearance of the serous layers of the 



Flo. 142. Opening of flic gallbladder. 


bladder. When around the neck of the bladder the serosa is not too badly 
damaged, which is very frequently the case, it is divided and separated 
from the inner layers for the purpose of later covering this spot. Often a 
separation of the inner layers by saving the serosa can be carried out in 
the surroundings of the neck quite easily, even in badly inflamed cases. 
Partial subserous excision of the neck can be performed by saving very 
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valuable serous flaps. When this has been done the whole surrounding 
of the bladder is thoroughly packed again with gauze moistened with 
hot saline solution and the bladder opened with scissors from the fundus 
downward (Fig. 142). The stones are removed (Fig. 143). The part of 
the neck of the bladder, which has been separated from the serous layer 
is cut away; the edges of the divided bladder are grasped with several 
artery forceps and electrocoagulation performed (Fig. 144). 



Fio. 143. Removal of the stones from the gallbladder, follow ed by 
excision of the gallbladder wall. 


When the outer serous layer is healthy and inflammation restricted 
to the inner layers, coagulation should be limited to these inner layers, 
the outer layer being saved for the covering of the liver bed (typical 
mucoelasis) (Figs. 145, 146). 

When the wall of the bladder is very thick, it is a good procedure to 
remove the coagulated scurf with a sharp spoon and then coagulate 




Fio. 144. Electrocoagulation (Mucoclasis) of the gallbladder wall adjacent to the liter. 

Serosa is preserved (Pribram’s operation). 

be destroyed by electrocoagulation and only the serosa saved. Very rarely 
are virulent germs found in the serosa of the bladder. It is a highly im- 
mune tissue with protective properties and with an excellent tendency 
to heal. It should be removed only when it is invaded by ab‘*ee«ses or 
when it is necrotic. Inflammatory edema of the outer layers is by no 
means an indication for removal. In ca^o of a shrunken bladder, too, the 
outer serous layer can ea«ilj' be prewired. The whole operation, with 
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opening of the bladder, electro- 
coagulation and the sewing up 
of the serous covering is very 
simple and can easily be per- 
formed in a few minutes. The 
contrast to cholecystectomy in 
these cases is very striking. The 
shrunken bladder has sometimes 
been removed like a malignant 
tumor, leaving a bleeding and 
badly injured liver bed. When 
the outer layer is badly dam- 
aged as well (which is especially 
true with purulent inflammation 
of the wall) the serous layer ob- 
viously cannot be preserved. 
Then the whole projecting part 
of the gallbladder is removed by 
electric knife or simple scissors 
at the level of the liver surface ai 



Fig. 145 Suture of the serous layers over 
the clcctrocongulated liver bed (Pribram's 
operation). 

d only the remaining part thoroughly 
electrocoagulated. Electro- 



coagulation of the liver bed 
should always be carried 
out carefully. Often there 
are abscesses containing 
stones hidden away at a 
depth of one-half to one 
inch. Electrocoagulation is, 
at the same time, the best 
treatment for any kind of 
liver abscesses. After elec- 
trocoagulation the opera- 
tive field should be, and 
in most cases is, perfectly 
dry. When the outer layer 
can be preserved, the cov- 
ering of the liver bed is 
very easily performed. 

It is a widespread belief 
among most surgeons that 


ligature of the cystic duct 


Fio. 146. Electrocoagulation of the gallbladder 
(Mucoclasis operation), final view (Pribram’s opera- 
tion). 


is not safe and that in spite 
of the ligature leakage of 
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bile occurs in the majority of cases in the next few days following the 
operation, so that drainage is indispensable. I have always been puzzled 
by this. Why should a ligature in the cystic duct not hold firmly while a 
ligature around an artery of the same or even major caliber is perfectly 
safe in spite of the fact that this ligature not only is under considerable 
pressure but that the impulse of blood hammers in vain against this 
ligature seventy times a minute? 

On the other hand, the pressure in the common duct is very low when 
there is no stasis and the outflow of bile does not run at all against the 
ligated cystic duct. I am perfectly satisfied that proper ligature around 
the cystic duct is as safe as the ligature around an artery. There must 
be other reasons for the leakage after ordinary cholecystectomy with 
drainage. These reasons are found entirely in the technic of removal of 
the gallbladder, leaving a wounded liver bed with open bile ducts. 

The evidence for this statement is substantiated by the fact that when 
applying m3' technic neither after subserous excision nor after an electro- 
surgical operation has a leakage of bile from the cystic duct or the liver 
bed ever been observed in more than 1,000 cases. 

After the gallbladder has been removed, the question arises as to 
what can be done with the electrocoagulated liver bed. When deep 
abscesses have been coagulated, I have found it best to leave a simple 
rubber drain the size of a small finger and not to bother about the 
covering. In other cases I have covered the liver bed with a free graft 
of omentum, which has proved the most suitable tissue for this purpose. 
To use a falciform ligament for this purpose was suggested by some 
surgeons, but I still believe that omentum is preferable. 

The Question of Drainage. In most cases of electrocoagulation, espe- 
cially when the inflammation is not too serious and a serous covering 
can be empIo3'cd in a satisfactory way, no drainage at all is necessary 
and the abdominal wall can be closed. The postoperative course is 
practically always quite uneventful and satisfactory. 

It must be emphasized (1) that when the cystic stump is ligated 
proper^' with silk and the cystic stump and liver bed are peritonized as 
already described, a leakage of bile never occurs. I had never regretted 
this primary' closure of the abdominal wall under these conditions even 
in acute cases, empyema, etc. (2) When the whole gallbladder has to 
be removed by electrocoagulation, the question arises as to what is pref- 
erable: to cover the liver bed with a free graft tissue (omentum) or to 
leave a drain? 

One should not be too rigid in sticking to any particular method. 
Every' case should be treated individually' according to the special con- 
ditions. A free graft in these ca«es serves a useful purpose only when 
primary’ closure of the abdominal wall is intended. It is, therefore, useless 
to cover the electrocoagulated parts when an additional operation on 
the common duct demands drainage. Furthermore, when deep abscesses, 
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especially after coli infection, must be coagulated, I prefer to leave the 
coagulated place as is and to allow drainage of the abdominal cavity 
through a simple rubber drain. In other and simpler cases, covering 
with a free graft tissue has had very satisfactory results. But even when 
allowing for drainage, it is always surprising how little secretion occurs 
from the coagulated spot. 

There arc cases in which gallbladder, colon and duodenum form one 
inflammatory mass, the size of a fist, in which dissection of the bladder 
and removal of the adhesions arc extremely difficult and in which every 
attempt to do so causes hemorrhage. This is especially true when the 
gallbladder has perforated into the duodenum or the colon. The fibrous 
tissue around these fistulae can be felt as a firm thick ring. In these cases 
dissection of the gallbladder and opening of both fistulae should be 
avoided. The forced laying bare of the anatomy highly increases the 
operative risk. The healing tendency in these septic cases is generally 
very poor, evidently owing to the necrosis caused by Bacillus coli. As 
little as possible should be done in this badly infected field. An attempt 
to perform a routine operation often leads to a dangerous spreading of 
infection and increased absorption of toxic products, causing serious 
damage to the peripheral circulation. The bladder is often filled with 
fecal masses. Cholecystectomy and suturing of the opening in the colon 
after proper resection has a high death rate and entails many compli- 
cations, such as postoperative colic fistulae. 

A woman of forty-five, who had suffered for years from gallstone colic, 
had a very severe attack a fortnight before she was sent to the clinic in 
1920. The agonizing pain ceased but chills and an evening temperature 
of about 102° F. persisted. 

On admission she was a tall woman with flushed cheeks and slightly 
jaundiced conjunctivae. Leucocytosis was 12,000. In the right upper 
portion of the abdomen there was a painful lump as big as a fist. The 
diagnosis was empyema of the bladder or abscess after perforation. In 
view of the sepsis indicated by the swinging temperature, conservative 
treatment could not be continued. 

The operation was performed under general anesthesia. A costal in- 
cision was made. The tumor was formed by the enlarged and freshly 
inflamed gallbladder, colon, duodenum and liver, all being covered with 
inflamed omentum. The slightest attempt to separate the organs was 
immediately followed by diffuse bleeding. The fibrous tissue forming the 
adhesions of the bladder with the colon was very dense and suggested 
perforation. By invaginating the finger into the colon, the site of perfo- 
ration could be felt unmistakably. Separation of the colon from the 
bladder would have caused a large opening in the colon and was there- 
fore abandoned. There could only be a question of either cholecystos- 
tomy, as an operation of emergency, or a radical mucoclasis. I decided 
on the latter. 
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Through a large needle yellow purulent masses with an offensive smell 
were aspirated. The gallbladder was opened as far away as possible from 
the site of perforation, and fecal semifluid masses, pus and stones were 
removed with a spoon. Stones were found down in the cystic duct. There 
was some difficulty in removing the impacted stone in the neck of the 
gallbladder. The liver bed was necrotic and full of abscesses. A curved 
electrode was introduced and the whole of the inside of the gallbladder 
was coagulated, all abscesses being carefully destroyed. The same was 
done with the whole inside of the opening into the colon. The neck of 
the gallbladder and the opening of the cystic duct were also carefully 
coagulated with a smaller electrode. The cavity of the bladder was filled 
with a piece of omentum, a rubber drain introduced near but outside 
the bladder and the abdominal canty closed. 

Apart from tachycardia, due to the thyrotoxic state of the patient, 
recovery was fairly satisfactory. The secretion from the drain was very 
small. The drain was gradually shortened and after a week’s time was 
removed. The patient was followed up for many years. At first she had 
two recurrent attacks with colic. I am not sure whether these attacks 
were due to stones passing through the common duct which could not 
be examined at operation. After a year these attacks ceased and the 
patient was perfectly well, except for n certain intolerance to fatty food. 

I do not think that any other method would have proved so useful in 
this serious case as mucoclasis. 

Comments on theElcctrosurgicalOperation.The electrosurgical operation 
has reduced the operative risk considerably in all badly inflamed cases. 
The mortality risk is not higher than between 2 and 3 per cent. It allows 
a radical operation with a perfect healing tendency. It may be recom- 
mended as the operation of choice in urgent surgery. 

Operation for a Ruptured Bladder with Biliary Peritonitis 

(1) General Peritonitis: (a) Diagnosis Is Certain . In these cases 
the procedure is exactly the same as when operating on an acute con- 
dition of the gallbladder. The abdomen is opened by costal incision and 
the bile aspirated by an electric aspirator. Meanwhile the gallbladder 
is covered with a saline swab so that the escape of stones into the ab- 
dominal cavity can be avoided. The self-retaining retractor is introduced 
and the operative field walled off from the rest of the abdominal cavity. 
The gallbladder is opened. The further procedure depends upon the 
condition in which the wall of the gallbladder is found. When it is badly 
damaged, it is cut away with the electric knife at the Ict'cl of the liver 
and then thoroughly elcetroeoagulaled; the oy«tie duct is ligated. 

Now arises the question of drainage. The coital incision can in many 
cases be dosed provided the operation was carried out properly with 
exact peritonization, as already described. This is especially the ca^c in 
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a rupture due to hemorrhagic infarction. But if there is any doubt, it 
certainly is better to leave a drain at the lowest end (Fig. 147). 

In case the bile has flown down to the lower parts of the abdomen, it 
is always wise to make a second incision in the median line or in the 
right part of the lower abdomen and to leave a drain there. A washout of 
the abdominal cavity is not necessary and not advisable. 

The recovery and the postoperative course in these cases is favorable 



Fia. 147. Drainage of the abdomen through the lower 
end of costal incision. 

when the time elapsed between the rupture and the operation has not 
been too long. Movement of the bowel starts sometimes only after the 
third or fourth day, probably due to temporary damage to the wall of 
the intestines through resorption of bile. The abdomen can be largely 
distended in these days but I have never had to perform a colostomy. 
"With the reabsorption of bile the intestinal loops recover and the move- 
ment sets in. Of great value against this intoxication is a drip infusion 
administered during three or four days following the operation. Pro- 
stygmin or physostygmin one-tw T entieth to one-sixtieth of a grain may 
be added if necessary. 
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(b) Diagnosis Is Uncertain. In some cases we are not in a position to 
make any special diagnosis as to the origin of perforation, but must be 
content with the general diagnosis: acute condition of the abdomen with 
perforation. It may be difficult to distinguish between the perforation 
of a high or retrocecal appendix and that of a gallbladder. In these cases 
I think it advisable to make first a small incision over McBurney’s 
point. The reason can be described as follows: 

"When operating over the appendiceal region no harm is done with 
this incision if the fluid proves to be bile, emptied through a perforated 
gallbladder, or gastric or duodenal content after perforation of an ulcer. 
On the contrary, the small appendiceal incision is very useful for the 
drainage of the lower portion of the abdomen in case of perforation. 

But when we open the abdomen with a large incision over the gall- 
bladder and the cause of perforation proves to be acute purulent ap- 
pendicitis, we may, when exploring the abdominal cavity, very easily 
spread the localized purulent infection of the lower part of the abdomen 
into the upper parts, thus causing a general fatal peritonitis. 

(2) Localized Peritonitis. When through former attacks of inflam- 
mation extensive adhesions (pericholecystitis) have been formed be- 
tween the bladder and the surrounding organs— duodenum, colon and 
omentum, or anterior abdominal wall, the contents of a ruptured bladder 
empty not into the free abdominal cavity but into the spaces between 
the adherent organs, forming a localized biliary abscess. Stones may also 
empty into this abscess which may spread downward along the ascend- 
ing colon, causing more or less widespread infection in the abdominal 
cavity. In other cases the abscess may perforate into the subphreoic 
spaces, causing subphrenic abscesses, or it may even perforate into the 
abdominal wall and cause a cellulitis there. 

It is most important in these cases strictly to observe the rule which 
has been described, i.e., to remain within the boundaries of the adhesions 
when operating. We can be quite certain that this purpose is achieved 
by opening the abdomen with a high costal incision. After having opened 
the peritoneum, a bile-stained pus immediately pours out in some cases. 
We should not be afraid of this event; it looks more serious than it actu- 
ally is. It is certainly not necessary to finish the operation at this stage 
by putting in a drain. We can perform a radical electrosurgical operation 
in these cases, too, thus diminishing rather than increasing the risk of 
the patient’s condition. 

The following case is an illustration of the procedure: 

A sixty-six year old woman had to be operated upon as an emergency 
after a serious attack of colicky pain in the right upper part of the ab- 
domen with peritoneal irritation spreading and rapidly increasing. She 
was slightly jaundiced and vomited. Her temperature was about 100° I* 
She had bad several previous attacks of colicky p3in but never as severe 
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as the last one. The diagnosis of perforated gallbladder was likely. 

The operation was performed under spinal anesthesia and gas. The 
peritoneal cavity was opened and immediately some purulent liquid ap- 
peared which was aspirated. Everywhere there were signs of fresh in- 
flammatory adhesions between colon, omentum and duodenum, The 
wall of the bladder was very thin, black-stained and necrotic. A number 
of gallstones were found in the abdomen. Some more pus was aspirated 
between the adhesions. The necrotic part of the gallbladder was cut 
away and stones removed. The liver bed was thoroughly clcctrocoagu- 
latcd. The cystic duct was divided between two ligatures. Further in- 
spection showed an abscess in the liver bed the size of a small apple 
containing pus and stones. The content of this abscess was emptied by 
aspiration, the stones removed and the abscess electrocoagulated. The 
operative field was now dry and clean. The common duct was palpated; 
the wall was thin and no stones could be felt. A piece of corrugated 
rubber and a drain were left, and the abdominal wall was closed. Re- 
covery was uneventful and satisfactory. Very little drainage took place 
and on the tenth day all drains could be removed. 

To summarize I must point out that when performing a simple drain- 
age or even a cholecystectomy, the abscess in the liver bed would cer- 
tainly be overlooked. Nor would the safe examination of the common 
duct be possible without the antiseptic measure of electrocoagulation. 

Biliary Peritonitis without Perforation. There is a number of 
such cases referred to in the literature and I myself have been able to 
observe a few since. Nevertheless, a certain degree of skepticism and a 
careful search for a small or concealed perforation are advisable before 
making this diagnosis. In one of my cases a very small perforation in the 
common duct could be detected as the source of biliary peritonitis. 

In another case I found the whole tissue surrounding the cystic duct 
and all of the hepatoduodenal ligament infiltrated with bile, while the 
wall of the bladder itself looked normal. I could not find any perforation 
neither in the gallbladder, nor in the common duct or cystic duct. But 
I had the impression that the bile was penetrating through the wall of 
the common duct rather than the wall of the bladder, the reason being 
the reflux of pancreatic juice which increases the permeability of the 
wall. I found this confirmed when observing a case of biliary peritonitis 
without perforation but with an acute pancreatitis. 

Treatment. These patients are operated upon as emergencies under the 
signs of general peritonitis. When finding biliary peritonitis without a 
ruptured bladder, we should be content not only to remove the bladder, 
but having in mind the reflux of activated pancreatic juice into the bile 
ducts, we should always open the common duct and introduce the proper 
external drainage. 
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ACUTE OBSTRUCTION OF THE COMMON DUCT IN 
THE CASE OF INFECTION (CHOLANGITIS) 

Acute obstruction of the common duct is a matter of urgent surgery 
in all cases of infection of the fade ducts. There seems to be no more dif- 
ference of opinion about this. Infection may flare up in a virulent way. 
The former latent cholangitis spreads around the small bile ducts and 
capillaries while multiple abscesses develop. Septicemia may result. 
Furthermore, the staris of bile in these badly infected cases leads very 
soon to break down of liver function (cholemia). But even in noninfected 
cases the danger arising from any delay in removing the obstacle ha* 
been evidently proved. 

The opinion that in jaundiced cases one should wait for several weeks 
before deciding to operate is certainly not justified. This point of view, 
held until recently by many physicians and even surgeons, has been 
responsible to a large extent for the high operative mortality'. 

Obstruction of the papilla is caused in the majority of eases by a 
stone which has slipped from the bladder through the cystic duct into 
the common duct. The obstruction becomes complete when a muscular 
spasm sets in around the stone. Experience has shown, in contrast to 
previous opinion, that a severe colicky pain is caused mainly bj' the 
stone passing through the cystic duct, while the passing of a stone 
through the papilla is sometimes painless. Even a long lasting spasm in 
the papilla may be entirety' painless. This seems to be important because 
it is generalty' believed that a colicky pain in these cases means that a 
stone passes through the papilla, which is not true. 

Chills are observed m practically all cases of infection; jaundice in- 
crease* quickly; the feverish redness of the cheeks combined with a 
yellowish color gives the patient the characteristic septic-cholemic ap- 
pearance. Fatty degeneration of the liver, which sets in very* rapidly, is 
in some cases quickly followed by acute insufficiency and coma. 

The post mortem examination shows a difference between the acute 
and the subacute or more chronic cases. In the first instance the liver 
is rather small, flabby and in a state of extreme fatty degeneration. In 
the subacute cases the liver is sometimes of a hard consistency because 
of an increase of fibrous tissue, but the fatty degeneration is practically 
always pronounced. The glycogen content of the liver cells is small, and 
sometimes glycogen is practically absent. 

TitEATarexT. The aim of the operation is to remove the obstruction 
and to secure a free outflow for the infected bile from the common duct. 
Since the operation is an urgent one, we cannot waste too much time on 
long preoperative measures. Nevertheless, a certain course of preopera- 
tive treatment is advisable for a few days if the case permits it. Every 
case should be handled according to its particular findings. Our pre- 
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operative treatment consists (1) of an intravenous injection of 40 cc. of 
a 50 per cent solution of glucose with a 20 per cent solution of calcium 
gluconate; (2) intramuscular injection of 5 units of insulin; (3) as a pro- 
phylactic measure against cholemic hemorrhage, we give parathor- 
mone, 0.5 cc. to increase or maintain the calcium level of the blood; 
(4) for the same purpose an oily solution of vitamin K in capsules with 
dehydrocholic acid or ox-bile is administered; and (5) local application 
of an icebag or cold fomentation on the whole region of the liver. 

This preoperative treatment is carried out for two or three days. Then 
we are practically always in a position to consider whether or not there 
is a chance left for spontaneous improvement. When there exists a defi- 
nite tendency of the bilirubin content of the blood serum to decrease, 
we can assume that spontaneous drainage of bile into the duodenum is 
improving, i.e., that the stone or the stones which are the immediate 
cause of the acute obstruction have passed into the duodenum or that 
the spasm around the stones has relaxed allowing a certain outflow of 
bile. 

In these cases and only in these cases are we entitled to wait, because 
not only the general state of the patient is likely to improve but the 
tissues also may be cleared of the bile dyes so that all conditions for the 
operation become more favorable. The liver function improves and the 
danger of postoperative cholemic hemorrhage diminishes. 

But a postponement of the operation beyond the time when the bili- 
rubin level in the blood has again become normal serves no useful pur- 
pose except when the special condition of the patient calls for further 
treatment or delay. 

We must realize that vanishing of the jaundice is by no means proof 
that the common duct has become free of stones. On the contrary, even 
after a so-called "successful attack" with total disappearance of jaundice 
we find the common duct almost always still filled with stones. There- 
fore, we must take advantage of this jaundice-free interval because we 
are never sure whether a new attack with a new obstruction will not 
take place in the very next few days. 

When, on the other hand, the bilirubin in the blood shows no tend- 
ency to decline following the attack but rather to increase or come to a 
standstill, we should perform the operation without delay even when 
the course is not complicated by high temperature and chills. 

There is no use in waiting for a spontaneous passage of the stone, 
since the chances are very small and the danger caused by the delay 
extremely high. Each day that the operation is postponed may cause 
irreparable damage to the liver or may give rise to a fatal septicemia. 
In some cases an acute pancreatitis may be the last fatal complication. 
The liver may soon be damaged to such a degree that an acute hepatic 
insufficiency may set in a week after an otherwise successful operation. 
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Improvement in the surgical technic and the simplification of the 
operation in these cases, implying a greatly diminished operative risk, 
have justified this point of new in the last decade. 

In order to cany' out the treatment properly and in the most reason- 
able way we should bear in mind the following danger points for compli- 
cations: (1) hemorrhage; (2) the development of general septicemia, 
with multiple abscesses around the small bile ducts and al«o in other 
organs; and (3) cholemia and acute hepatic insufficiency. 

Anesthesia. I strongly advocate the use of spinal anesthesia in all 
these cases with an additional small dose of gas-oxygen. The addition of 
gas-oxygen is useful to secure proper ventilation and regular breathing 
during the operation. We must realize that all general anesthesia even 
ether is toxic to the liver cells, as has undoubtedly been proved by ex- 
periments. 

There is a definite contraindication to the use of any products such as 
evipan, amytal, avertin, pernoeton and all drugs of these chemical 
groups. After using such anesthetics I have observed that patients are 
sometimes not able to recover from a drowsiness which has gradually 
led to fatal hepatic coma within eight or ten days. 

Nor do I advocate local anesthesia in these cholemic cases, since I 
have sometimes observed abundant hemorrhage at the points of injec- 
tion. Besides, we need complete relaxation of the abdominal wall, which 
cannot be achieved to the same extent by any other anesthesia than a 
spinal one. We use percain, and inject between the second and third 
lumbar vertebrae. 

The procedure at the beginning of the operation is the same as that 
which I described when discussing the electrosurgical operation. When 
the peritoneum is opened the left hand explores provisionally the 
pathology of the special case enabling us to make a proper plan for 
operation. In the majority of cases of common duct stones we find the 
gallbladder medium sized or even small and shrunken. We satisfy our- 
selves regarding the condition of the cystic duct and feel the common 
duct downward to the papilla. 

I always operate on the gallbladder first before opening the common 
duct. I think tills procedure offers several advantages although it is not 
generally adopted. The advantages are that the exposure of the common 
duct is simpler and the operative field wider. Secondly, an infective spot 
is removed and after electrocoagulation the liver bed is transformed into 
a dry, practically sterile place. 

In cases of jaundice it is always wise to ligate the cystic artery as a 
routine in order to diminish the bleeding. The gallbladder is opened and 
electrocoagulated. I practically always limit electrocoagulation of these 
cases to the inner coats, preserving the outer layers in order to cover the 
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liver bed carefully. When this has been done properly, we deal with the 
common duct. 

Some surgeons advocate the exploration of the common duct by 
splitting the cystic duct downward. There are many objections to this 
procedure which I personally perform only in rare and exceptionally 
suitable cases. The main objection is that the cystic duct shows ana- 
tomical abnormalities frequently. The opening in the common duct is 
sometimes very low down so that it runs parallel to the common duct. 
Therefore, we explore only the cystic duct and not the common duct. 

The cystic duct opens frequently into the common duct in a pointed 
angle so that it is very difficult to introduce a probe upward into the 
hepatic duct, a procedure which is very important for the exploration 
of the hepatic duct for stones. The hepatic duct or rather both hepatic 
ducts should be investigated by introducing a probe as high as possible 
into the liver. I could in a number of cases discover and reach some 
stones in this way which I certainly would have overlooked by omitting 
this procedure. Therefore, I believe the exploration of the common duct 
through the cystic duct is not a safe and satisfactory procedure which 
could be recommended. 

The hepatoduodenal ligament is divided downward with scissors to 
expose the common duct in its whole length. Any blunt dissection is to 
be avoided in order to preserve the flaps for the eventual peritonization 
of the common duct which has been laid bare. 

Bile from the common duct is aspirated with a fine needle. This pro- 
cedure is always useful not only to empty the common duct before 
opening and to check the slipping of stones but also to assure ourselves 
that it is really the common duct we are about to open. In some cases 
with difficult anatomy, especially when performing a “secondary opera- 
tion” for recurrent stones, this may appear very valuable. After aspira- 
tion the common duct sometimes represents a compact chain of stones 
or a solitary stone appears clearly in its contour. 

The common duct is opened best low down in the supraduodenal 
region about one-half to one inch over the border of the duodenum. If 
possible, the incision should avoid the small veins generally lying in the 
anterior wall. When severed they should be ligated. Sometimes the blood 
control can be secured with a swab of cotton wool moistened with a 60 
per cent glucose solution. 

Procedure When a Solitary Occluding Stone Is Present. These 
cases are very easy to deal with. The gallbladder is practically always 
shrunken. The cystic duct is usually wide and the common duct en- 
larged. It is easy to push the stone, which may be the size of a hazelnut 
or even a chestnut, upward into a suitable position. The stone is held 
with two fingers of the left hand; the common duct is incised over the 
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stone, preferably in a transverse direction, and the stone is removed. 

In most cases it is easy to pass a probe through the papilla into the 
duodenum. Gentle dilatation by increasing the size of the probes can be 
carried out without difficulty. No duct drainage is necessary provided 
the bile is not too badly infected. 

We may consider the use of a primary suture of the common duct. 
In case of a badly damaged liver showing a flabby appearance after de- 
compression I am inclined to favor primary suture in order to avoid the 
serious complication of acute insufficiency after decompression. This 
sometimes appears even in the later course between the fifth and eighth 
postoperative days. The maintaining of a certain amount of intraductal 
back pressure is important in these cases. We shall deal fully with these 
post-operative complications later on. 

Before using the method of a controlled back pressure and cholangio- 
gram as a routine, I frequently used a primary suture of the common 
duct, especially in cases of a badly damaged liver, in order to avoid the 
serious complication of acute insufficiency after abundant external 
drainage without back pressure. When draining the normal way into the 
duodenum, a certain amount of back pressure is maintained even when 
there is abundant outflow of bile. 

Technic of Primary Suture. The condition for a suture of the common 
duct is of course that we atc perfectly satisfied that the papilla is free. 
But we should also prevent postoperative spasm. Therefore, dilatation 
of the papilla should always be performed where a suture is intended. 

I prefer fine silk kept in sterilized liquid paraffin oil, as used for the 
sutures of blood vessels, for the suture of the common duct. Even the 
finest catgut is not suitable for tbis purpose and not safe enough because 
during the absorption the catgut swells, and the holes in the wall be- 
coming wider leakage may occur after a few days. 

The first layer alone of suture of the wall is rarely tight enough so a 
second layer should be placed. This is done by sewing the hepato- 
duodenal ligament on this first row with a few stitches for which we may 
use a normal fine silk. When doing so the suture becomes absolutely 
safe so that one can perform a primary closure of the abdominal wall 
without any signs of post-operative leakage. 

The advantage of such a primary suture is that it diminishes con- 
siderably the danger of cholemic hemorrhage in the presence of long 
lasting jaundice. The main thing is that the abdominal wall should not 
be closed until all oozing points have been controlled and the operative 
field appears perfectly dry. But when a surgeon does not feel quite safe 
about his suture, be should leave a drain for safety. However, he uill 
observe that in spite of the drainage no leakage of bile takes place when 
the suture has been properly placed. 

Procedure When Multifee Stones Are Found. The common duct 
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is incised in the supraduodenal region longitudinally or transversely 
when the common duct is sufficiently wide. The presenting stones are 
removed with a spoon. The left hand grasps the hepatic duct and manip- 
ulates the stones downward. When the hepatic duct has been emptied, 



Fia. 148. Probing of the common bile duct for stones. The blunt end of the probe is 
palpated through the anterior wall of the duodenum. 


the stones from the common duct are w’orked from the papilla toward 
the incision, but care should be taken so that no stones slip upward 
again into the hepatic duct. Stones over the papilla may sometimes be 
so tightly impacted that we need a forceps or a sharp spoon to remove 
them. 
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When we come to the point at which no stones can be removed, we 
have to make certain that the papilla is free from stones. We try to 
introduce a probe of small caliber gently through the papilla into the 
duodenum (Fig. 148). It is sometimes not easy to say whether the probe 
has really passed into the duodenum. It is a good practice to grasp the 
button of the probe through the anterior duodenal wall. Thus we can 
easily ascertain that the probe lies freely movable in the duodenum. 
Another proof whether the papilla is free is the following: 

Through a rubber tube which is held tightly in the common duct be- 
tween two fingers we inject saline solution. If no saline solution flows 



Fro 1J9. Passing a probe over a stone m the dilated papilla. No force should I* u'od on 
account of possible perforation. 

back after removing the syringe we have proof that the liquid has passed ; 
we may al*o inject a few cubic centimeters of hydrogen peroxide into 
the common duct. When this pas«es through the papilla, the duodenum 
becomes distended and ballooned by oxygen bubble*. 

However, this proves only that the papilla is to a certain degree 
permeable, not that all stones are removed. Even .stones the size of a 
cherry pit lying in the dilated suprapapillary region may allow the probe 
to pass freely into the duodenum and palpation of this Mtprapapillary 
region around the probe may not give conclusive evidence, since it i^ 
frequently surrounded by dense pancreatic ti««ue. We must face the 
fact that for these reasons one can never be certain that he has not over- 
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looked stones that may give rise to recurrent troubles, thus nullifying 
the beneficial effects of the operation. 

On the other hand, there may be hard and calcified lymphatic glands 
around the common duct which are assumed to be stones. There is a 
great temptation to grasp these hard glands between forefinger and 
thumb of the left hand and to try to remove them with a forceps through 
the supraduodenal incision. Obviously, this attempt to grasp the sup- 
posed stone fails or the maneuver leads to perforation with heavy bleed- 
ing when jaundice is present. The best and at the same time most harm- 
less means of detection is an x-ray examination (cholangiogram), a 
procedure which must be considered a great advancement during recent 
years and which should in these cases always be used as a routine. 

The passing of probes through the papilla must be carried out with 
the utmost care and no force should be applied. Perforation of the com- 
mon duct in the lower retroduodenal region may easily occur and is 
more frequent than might be expected (Fig. 149). It may be an accident 
with a fatal outcome. We must remember that hero there are small 
vessels as well as the pancreatic tissue frequently surrounding this re- 
gion which may easily be damaged. Here any injury may give rise to 
cholemic bleeding in the days following operation or leakage of pancre- 
atic juice followed by local peritonitis and serious toxic symptoms. 
Furthermore, the tissue of the supraduodenal region has not the same 
immunity against infection and a spreading cellulitis because of infected 
bile leaking through the perforation may take place behind the duo- 
denum. 

Forcible Dilatation of the Papilla. Many surgeons advocate this maneu- 
ver and insist that it be performed in all cases of stones of the common 
duct. In many instances this dilatation can be done easily by increasing 
the size of the probes. The procedure is sometimes very useful and theie 
is no doubt that it can be adopted without doing any harm if performed 
gently and with the greatest care. 

But there are strong objections to forcible dilatation. The danger of 
making a false passage and perforation have already been mentioned. 
Furthermore, the danger of provoking hemorrhage, especially in the 
presence of prolonged jaundice, is considerable. 

Recently published research work has shown that the result of such 
dilatation is not only transitory, passing after a short time, but may 
even cause a cicatricial shrinking of the papilla. In a number of cases 
the obstruction of the papilla is not wholly or even partly due to stones, 
but due to a spasm of the sphincter which may last during the whole 
time we are attempting to pass through the papilla. 

An attempt to overcome this spasm by forcible introduction of the 
probe must be condemned. I am perfectly convinced that one of the 
reasons for the great operative risk and high mortality in cases of ob- 
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structure jaundice is the forcible attempt to overcome resistance in the 
papilla. As a matter of fact, mortality in my own statistical figures has 
dropped considerably since the development of a different, more gentle 
and safer method of dealing with impacted stones in the papilla (ether 
method). Whatever method we use we should follow the rule that when 
all stones cannot be removed easily from the supraduodenal incision, 
all forceful attempts should be stopped and the operation continued by 
other means. 

Cholangiography During Operation. Mirizzi has advocated per- 
forming a cholangiography on the operating table in doubtful cases. 
The procedure is as follows: 

Ten to 20 cc. of the opaque substance (lipiodol) are injected through 
the bladder, or if the latter has already been removed, through the cystic 
duct, or directly injected into the common duct before the distal ligature 
has been made or after the primary ligature has been removed. 

Of course, there must be an operating table fitted for this x-ray ex- 
amination. In many instances this procedure has been very helpful in 
clarifying the condition of the common duct as to whether or not there 
were obstructing stones. Also spasms of the sphincter of Oddi and the 
lower part of the common duct may be detected. 

However, there are some objections which should be mentioned: 

(1) The x-ray examination prolongs the operation. This fact is es- 
pecially important in poor risk cases with obstructive jaundice and septi- 
cemia. 

(2) A single picture may give no clear evidence and may even be 
misleading. 

(3) A spasm in the papilla, which is quite frequent and may last for 
a long time, may be mistaken for a mechanical obstruction. 

(4) Not many hospitals are in the fortunate position of having an 
X-ray apparatus in the operating room. Therefore, I think this x-ray 
examination on the operating table will hardly become a routine pro- 
cedure in dealing with common duct stones. 

(5) Finally* the introduction of the ether method, which we will dis- 
cuss later, has shown that we are able to free an obstructed papilla even 
in the postoperative course. 

Drainage. External drainage of bile is essential in controlling in the 
quickest and most successful way acute infection of the bile ducts (cho- 
langitis). It should always be applied in cases with complicating pancre- 
atitis. The effect of external drainage is an immediate and dramatic one. 
The temperature becomes normal; the chills stop and the bile formerly 
purulent and turbid clears within a fen' days to a normal, yellowish- 
brown color. Indeed, the value of this external drainage has been ap- 
preciated by all surgeons and it has been applied widely in the last fifty 
years since the popularization of gallstone surgery". 
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But it seems necessary to point out that external drainage may in- 
volve some definite dangers, and the thorough understanding of these 
dangers has influenced the indications and changed our technic. 

When we remove the obstructing stone, the pressure in the bile duct 
immediately drops to zero and even below, especially when suction 
drainage into a bottle is performed. This acute decompression and the 
absence of any pressure in the bile duct, when such external drainage 
is used, may cause serious damage to the liver and lead to a complete 
breakdown of its function. 

We may distinguish between the damage caused by acute decompres- 
sion, when removing the obstructing stone, and the damage caused by 
the absence of bile in the intestines in the presence of long lasting drain- 
age. The clinical facts are best illustrated by an example: 

We operate upon a patient with obstruction of the common duct that 
has lasted for weeks and even months. Jaundice is considerable but the 
patient apparently is still in a satisfactory state of health. The liver 
works just enough to meet the daily demands. The operation is quite 
easy and can be performed quickly. The ampulla of Veter can be easily 
freed by a supraduodenal incision. We introduce a drain into the com- 
mon duct and the prognosis seems to be quite favorable. The first three 
or four days following the operation are satisfactory' and recovery ap- 
pears normal. Intestinal motion has already set in and the patient seems 
to be saved. From the fifth to the eighth day a tendency toward sleep 
causes some worry as the first sign of a turn for the worse. The drowsi- 
ness increases during the next few days; the patient sleeps almost the 
whole time and can be kept awake only with difficulty and only for 
short periods. Between the eighth and tenth day following the operation 
the patient dies. 

One feels that before the operation there was still a certain functional 
equilibrium of the liver in spite of the fact that the liver cells were ex- 
tremely damaged. It appears that the removal of an obstacle, although 
obviously noxious, has caused a total collapse of liver function. I have 
called this state “acute insufficiency of the liver following decompres- 
sion.” It seems that a sudden decrease of pressure in the common duct, 
after opening it and removing the obstruction, must be regarded as one 
cause at least of collapse of the organ. 

We must distinguish two forms of such an acute functional collapse 
after decompression. In one form the state of the heart and circulation 
is sufficient until the last; in other cases cardiovascular symptoms fol- 
lowing such a sudden change in the bile duct prevail from the outset. 
Both types, however, end in a coma which must be regarded as the 
immediate cause of death. 

I have tried to find an explanation for this acute cardiovascular col- 
lapse. The liver is not only an admirably working chemical factory, but 
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also an organ influencing the blood circulation. The liver is able to store 
20 per cent of the total amount of blood, and because of this ability is 
a direct circulatory assistant to the right side of the heart. It relieves 
the right auricle in the case of insufficiency. An obstacle in the common 
duct causes increased procure and dilatation of the intrahepatic bile 
ducts. A sudden decrease of this pressure to zero or even below causes 
an afflux of blood, an increase of the blood store in the liver and the 
diminution of the amount of circulating blood. It may thus give ri*e to 
a serious collapse of the peripheral circulation, especially when this has 
already been damaged. This collapse following the removal of an ob- 
stacle and a Midden fall of pressure is veil known in the case of tapping 
of an ascites, a pleural effurion or even after an abrupt emptying of a 
full bladder by catheterization. This organ collapse and the acute in- 
sufficiency of the liver, following removal of an obstruction and sudden 
decompression, has been the subject of study for several years. 

In other cases the cardiovascular symptoms are not so pronounced, 
the pulse can be regular and is rather slow; clinically, the acute hepatic 
insufficiency and intoxication leading to coma are the outstanding fea- 
tures. At the postmortem examination the liver i-s found to be small, 
flabby and in a state of extreme fatty degeneration. Microscopically, 
we find hemorrhages in the parenchyma. 

Another damage is a more chronic one and is observed only in long 
lasting external fistutae; but it occurs mainly in such cases in which 
practically no bile at all finds its normal way into the duodenum. 

This damage must he considered as a sequel to the deficiency of bile. 
The following mechanism seems to be the mo<*t likely: Bile, and espe- 
cially bile-acids are necessary for the proper depletion and absorption 
of food, especially fats. When bile is absent, important fat-soluble vita- 
mins, as vitamins K and D, are not absorbed, which results in a defi- 
ciency of these vitamins. The pathological changes observed are anemia, 
general fatigue, debility and atrophy of organs especially osteoporo«K 

These changes brought about by external drainage must be faced 
when considering indications and technic. The rules to be observed 
when performing external drainage are: (a) The fall of intraductal pres- 
sure must be avoided and back pres-ure artificially maintained, (b) The 
bile drainage into the intestine^ must be secured as quickly as possible 
and, as a rule, not extended over six to eight w eeks. 

Technic. I have given up entirely the drainage with a T-tubc which 
has been widely used. I introduce only a simple rubber tube with a side 
hole downward to the papilla and allow drainage only a" an overflow 
(Fig. 150). Direct drainage of the hepatic duct is never performed. This 
rubber tube is sewn water-tight into the incision, the water-tight ne^s 
being secured by stitching the hepatoduodenal ligament around the 
tube. This water-tight condition is essential for maintaining back pres- 
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sure. The size of the tube is chosen so that the bile draining from the liver 
can easily pass alongside the tube into the duodenum. When the opera- 
tive field is perfectly dry and covered with peritoneum, as it always 
should before closing the abdominal wall, this rubber tube is allowed to 
pass into the lower angle of the abdominal incision. When the operation 
has been carefully performed, it is not necessary that another tube to 
drain the abdominal cavity be introduced, but no harm is done when 
another drain the size of a small finger or a small corrugated rubber is 




Fig, ISO. Draiu&ep of tbe common bile duct. 

left for safety. This second tube is removed as a rule after forty-eight 
hours when no leakage alongside the drain occurs. To maintain the back 
pressure the rubber tube is closed by a clamp immediately after the 
operation and left there for several hours. The clamps can be released 
for a few minutes to allow an outflow and then should be closed again. 
No continuous drainage of bile should be allowed during the first twenty- 
four hours after operation. This method has proved quite satisfactory 
for eight years. 

Another method to maintain back pressure and to regulate it during 
drainage is as follows: 

The drainage tube is first connected by a U-shaped or Y-shaped glass 
tube which is fixed to a wooden board. This board can be elevated or 
lowered on a stand. We start usually at about 25 cm. above the level of 
the common duct. The drainage of bile can be properly regulated by 
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maintaining the pressure at the desired level. This procedure is also of 
definite value because it forces a certain amount of bile through the 
papilla into the duodenum, thus avoiding an unnecessary loss of bile. 
The possibility of a serious toxic state following acute decompression, 
has been recognized by many authors, such as Mont H. Reid, when 
advocating cystocholedochostomy, also Ravdin, Frazer, etc. 

I think this method of drainage should be generally adopted and 
should replace the routine method formerly used which allowed an un- 
limited outflow into the drain and the dressing. 

But I also wish to emphasize that for the purpose of maintaining 
pressure the water-tightness of the tube sewed into the common duct 
is essential. The sequels to a chronic lo^s of bile can be avoided by main- 
taining a certain pressure in the common duct just mentioned, so that 
right from the beginning a certain amount of bile flows into the duo- 
denum. 

Chronic bile fistulae, sometimes lasting for months, have been ob- 
served frequently. They are practically all cases of a stone which has 
been overlooked in the common duct. One can understand that surgeons 
have been very reluctant to suggest a second operation and have pre- 
ferred taking the chance of allowing the stone to pa^s into the papilla 
spontaneously. .'Vs a result these patients lost bile for a long time fol- 
lowed by general debility, anemia and osteoporosis. When the patients 
finally had to be reoperated upon, the operative risk was obviously high. 
By means of the ether method under x-ray control this mishap can be 
avoided with certainty. I have not observed any bile fistula in my own 
patients during the last decade. 

Operations ron Obstructed Stones in the Papilla. When our 
attempts to free the papilla by the supraduodenal way have failed and 
there are stones left in the ampulla which cannot be removed, the fol- 
lowing operative procedure can be considered: 

Retrod uodenal Method of Laying Bare the Papilla, With a soft clamp 
the blades of which are covered with rubber, the common duct is tem- 
porarily closed so as to avoid further leakage of bile. The duodenum in 
its desccndent part is grasped with the fingers or pushed with swabs to 
the left side. The posterior layer of parietal peritoneum on the right 
border of the duodenum is incised. In jaundiced cases it is always wise 
to divide this peritoneum between several ligatures because this part is 
especially inclined to bleed, being a dangerous spot for postoperative 
eholemic hemorrhage. Therefore, any bleeding must be carefully con- 
trolled here. 

Then the duodenum is turned to the left side and in this way the 
rctroduodenal part of the common duct is exposed (Fig. 151). As has 
already been mentioned, this part is richly vascular and frequently 




may only be a gland and we avoid in this way a very disappointing and 
even dangerous incision. 

We may also succeed in loosening the stone by this maneuver and 
then be able to push it upward into the common duct. We may feel the 
stone quite easily as the incision is made right over the stone and remove 
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it without difficulties. The diathermy knife is preferable to the ordinary 
one for this purpose. The bleeding, which may be considerable, should 
be controlled very thoroughly, but it may prove rather difficult in this 
pancreatic tissue. Through the incision we pass probes downward to the 
papilla and satisfy ourselves that it is now completely freed. 

After having freed the papilla from stones the incision is closed with 
a few fine silk sutures. A common duct drainage as described should 
always be performed through the supraduodenal incision, and a safety 
drain should be placed in the abdominal cavity as well. 

Comments. The mobilization of the duodenum to explore the retro- 
duodenal part of the common duct is useful in cases in which we find 
some difficulty in passing a probe tlirough the papilla from the supra- 
duodenal incision. We may guide it easier into the duodeuum and may 
even, as has been mentioned, work up some stones from this part to- 
ward the incision. We may also determine whether the cause of ob- 
struction is really a stone, an indurated pancreatic tissue or gland, 
or only a spasm. But there arc serious objections to the transpancreatic 
opening of this part of the common duct. 

Postoperative Hemorrhage. This danger is especially high in cases 
with long lasting jaundice. This retroduodenal part of the common duct 
is surrounded by small arteries and veins — branches of the pancreatic or 
duodenal vessels, — which must be divided when opening the common bile 
duct. The bleeding from the pancreatic tissue is sometimes difficult to 
control and a postoperative hemorrhage may easily occur from very 
small vessels which do not bleed at all during the operation. 

Furthermore, any injury' to the pancreatic tissue endangers consider- 
ably the tendency to heal because of the leakage of pancreatic juice, 
thus increasing the operative risk to a large extent. 

There is also the danger of spreading infection in the loose rctroduo- 
denal space, the immunity* and resistance against infection here being 
much le«s pronounced than in the intraperitoneal cavity. I was some- 
times deeply impressed at the postmortem examination of such cases to 
see how in those seriously infected patients the infection had spread 
without any considerable healing reaction, while in the intraperitoneal 
part the infection had already been controlled and brought to a stand- 
still. This retroperitoneal cellulitis must be blamed at times for the fatal 
outcome in such cases. Therefore, I have given up this retroduodenal 
cholcdoehotomy altogether. 

The Tuaxsduodekal Choledociiotouy. This operation in its tech- 
nic and idea is clear and not too difficult. When the common duct is 
obstructed and the stones apparently are not easy to remove from the 
papilla, we can decide at the very beginning not to open the common 
duct in the supraduodenal part but to lay bare the papilla right through 




Technic. The peritoneum on the right border of the duodenum is in- 
ched between ligatures. One finger goes behind the posterior wall, mobi- 
lizing the whole middle of the second part of the duodenum. But this is 
not enough. The anterior wall, too, must be laid bare and freed from 
adhesions or congenital membranes, which are frequently found con- 
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necting this region with the colon. One feels the position of the papilla 
and opens the duodenum by a transverse or longitudinal incision (Fig. 
152 ). 

It is well known that in most cases the duodenum is opened too high 
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and feel the impacted stone. In most cases the position of the stone does 
not correspond exactly to the position of the papilla. It is not necessary 
to make our incision right on the papilla in order to remove the stone; 
it is sometimes easier to make an incision directly over the stone which 
can then be easily removed. 

We then introduce the probe through the incision into the papilla and 
split the papilla in its whole length. Another way is to introduce the 
probe into the opening of the papilla and split the intraduodcnal part 
upward. 

It is advantageous to unite the mucous membrane of the duodenum 
with the wall of the common duct immediately after the opening, thus 
performing an internal choledochoduodenostomy. This suture is im- 
portant also for the control of hemorrhage which may interfere with the 
further procedure. Thorough control is important to prevent postopera- 
tive cholemic hemorrhage which not infrequently occurs in this region. 
Serious postoperative hematemesis in cholemic patients has been ob- 
served because of this bleeding into the duodenum. 

The threads of the suture are left long in order to give a good hold for 
a later procedure. The fingers of the left hand grasp the hepatic duct and 
the ductus choledochu* and work down the stones, while the right hand 
removes the stones with a spoon near the new opening. 

After this manipulation a forceps or small spoon is introduced high 
up into the branches of the hepatic duct and stones and gravel removed. 
A small rubber tube or catheter is then introduced into the common duct 
and warm saline injected by means of a syringe in order to wash out 
all gravel. It is surprising sometimes to notice how this procedure can 
expel an unexpected amount of overlooked stones and gravel. 

In case an enlargement or induration of the head of the pancreas is 
found, or if clinically there i*> a high level of diastasis in the blood and 
signs of pancreatitis we may also explore the pancreatic duct. However 
we must admit that pancreatic stones are found rather seldom in this 
region.* 

The duodenal wall is now closed in two layers in the usual way. Wien 
no supraduodenal incision has been made and only tran«duodenal chol- 
edochotomy, the abdominal wall can be closed without any drainage. 

But when this operation has been performed onlj' because the stones 
in the papilla could not be removed by the supraduodenal method, it is 
certainly wise to leave a drain in the abdominal cavity. The wall of the 
common duct can be closed in two layers as described previously . 

Indications and Criticism. This method first described by Kocher of- 
fers an excellent exposure of the papilla and we can succeed with a high 
degree of certainty to remove all stones. This operation has been advo- 

* Cases are reported by Moynihan and Mayo-Robson in which they performed an 
anastomosis between the pancreatic duct and the duodenum, a Wtrsungoduodenoslomy. 
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cated as a routine by many surgeons (Lorenz) but even the best sta- 
tistics give a mortality rate from 19 to 30 per cent. In delayed ca^es the 
mortality rate surpasses even 50 per cent. The cause for this mortality 
rate may be the following: 

(1) This operation being primarily an additional procedure, when an 
attempt to empty the ampulla of Vater through the supraduodenal in- 
cision has failed, it is obvious that it is rather an extensive operation 
involving great risk in cases with cholemia and septicemia. General 
postoperative complications such as failure of circulation, pneumonia, 
paralytic ileus, hepatic insufficiencj* and also peritonitis are frequently 
observed. 

(2) Postoperative choleraic hemorrhage into the duodenum and seri- 
ous hemat emesis have been observed as well as cholemic bleeding into 
the retroduodena! part. 

(3) In some ca«es after the transduodenal choledochotomy incessant 
vomiting has been observed for a few days following the operation. 
This may be due to a real mechanical stenosis but it is more likely that 
injury to the duodenum in this part was sufficient to check peristalsis 
and normal emptying. 

Walzel mentioned a ca c e in which he had to operate for high intestinal 
obstruction eight days after having performed the transduodenal cho- 
ledochotomy. He performed successful!}* an additional gastroenter- 
ostomy. 

(4) There exists the danger of injury to the pancreatic duct when 
splitting the papilla. When introducing a probe into the common duct, 
it is not infrequent that the probe passes into the Wirsungian duct 
which, in infected cases, may lead to acute pancreatitis. But with or 
without such a false way of introducing the probe, acute pancreatitis 
lias been observed to follow this transduodenal operation and is often 
the came of a fatal outcome. 

(5) When providing for drainage through the supraduodenal incision 
or even after having sutured this incision, the leakage of very active 
pancreatic juice through the wound which seriously damage-* healing 
has been observed. 

(6) In badly infected cases in which drainage is unavoidable, leakage 
through the duodenal suture causes a duodenal fistula with a high mor- 
tality rate. Undoubtedly the results are better when this transduodenal 
choledochotomy for stones in the common duct has been performed as 
a primary operation without opening the common duct at all. The opera- 
tion is not so extensive and the mortality rate is lower. 

I have always been very reluctant to perform this operation and re- 
served it only for exceptional cases. Since the development of the ether 
method, I have given it up altogether. 

Chowedociioduodexostomy (Fig. 154). I should like to describe this 
operation and discuss its value and indications fully, became it has been 
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The operation was first performed by Riedel in 3888, but later was 
popularized especially by Sara. It i« not a very common operation in 
America or England, is not favored in France, but is especially advo- 
cated by Austrian and German surgeons (Finsterer, Floercken). The 
mortality rate, according to statistical figures, is lower than that of the 
transduodenal or retroduodenal operation (10 and 20 per cent). The 
wide opening should allow the pas-ing of stones and gravel from the bile 
ducts al-o in the postoperative course. It should secure the outflow of 
bile by internal drainage, thus avoiding the drawbacks of external drain- 
age. It should avoid al-o the more dangerous operation on the papilla, 
when impacted stones in this place could not be removed by the supra- 
duodenal incision. 

It is a short-circuit operation also in cases of mechanical obstruction 
caused by stricture and compression through the inflamed head of the 
pancreas or through glands and new growth. Furthermore, it has been 
performed as a secondary operation for recurrences. 

In all operations on the common duct a definite plan of procedure 
should be made in advance, whenever possible. Hence, when we con- 
template a choledocliodtiodenostomy the common duct should be 
opened with an adequate incirion. low down, in view of the anastomosis 
with the duodenum which has to be made. Additional care should be 
taken, when manipulating the common duct and working out the stones, 
that the wall of the common duct is not damaged. It is sometimes 
useful to mobilize the duodenum -o that the duct can be left in an un- 
changed position when performing the aua>tomo-is. 

But it is not necessary to mobilize the duodenum in all case'- and to 
perform the anastomo-is in the retroduodenal part as has been advo- 
cated by some surgeons. I am reluctant to perform any mobilization in 
jaundiced and badly infected cases. 

The duodenum is incised in the most suitable way, that is to say, at 
a place which can be easily approached from the common duct incision. 
When a longitudinal incision has been made in the common duct, it is 
best to make a transverse incision into the duodenum. The duodenum 
is then opened so that the anastomosis is at least one-half or three- 
quarters of an inch wide. It is very helpful to perform the anastomosis 
over a rubber drain. The upper end of the tube is introduced into the 
common duct incision, the lower end into the duodenum. For the 
anastomosis I prefer fine silk sutures which make only small holes, do 
not tear so easily and are certainly more reliable. I have never seen any 
drawbacks. The suture line can be reinforced by the lower part of the 
hepatoduodenal ligament or, when this is difficult, by omentum. After 
the suture has been mafic it is quite ea-y to push down the rubber 
drain into the duodenum. Otherw he there is no harm in leaving the drain 
in the site of anastomosis. It is expelled after a few days with the fece«. 
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In infected cases we may come face to face with a serious dilemma: 
Leaving a drain means endangering the anastomosis; closure without 
drainage also involves a certain amount of risk. Leakage through the 
anastomosis leads to the very unpleasant complication of a duodenal 
fistula. If circumstances permit we had better close the abdominal wall 
without any drainage. 

Indications and Comments, Advantages: (1) The wide anastomosis not 
only allows free drainage of bile but also allows stones and gravel to pass 
freely from the common duct into the duodenum. The internal drain- 
age of bile is advantageous in the sense that bile, which is useful for the 
digestion of food, especially fatty food, drains into the intestines im- 
mediately after the operation. 

(2) Statistical figures have proved that the mortality rate is lower 
than when the retroduodenal or transduodenal operation is performed. 
This mortality rate is given as 10 to 20 per cent. 

Disadvantages: (1) Cases have been reported in which stones, ap- 
parently coming from the papilla, have increased their size because of 
incrustation and have caused an obstruction (Petermann). But this 
should be a rare occurrence if the anastomosis has been performed widely 
enough. 

(2) In cases of cholangitis, internal drainage through the anastomosis 
has not the same effect in controlling infection in the bile ducts as has 
external drainage. I have learned in a remarkable case that the infecting 
germs draining with the bile into the duodenum may be reabsorbed by 
the lymphatic vessels or the portal vein, so that septic hepatitis may be 
carried on in a vicious circle. The following case illustrates this fact: 

Mrs. F. G., forty-six years of age, was operated upon on June 25, 
1928, for gallstones. She was jaundiced and was in a septic state. 
Through a costal incision the inflamed gallbladder, filled with stones, 
was electrocoagulated. The common duct was opened but no stones 
were found there; the papilla was free. Suture of the common duct and 
closure of the abdominal wall without drainage were performed. 

After an uneventful recovery the patient was perfectly all right until 
December 20, when she was admitted to the clinic with a severe colicky 
attack with jaundice. Through the duodenal tube, in which bile was 
present, Bacillus coli and Streptococcus viridans could be cultivated. 
The diagnosis was recurrent hepatitis. 

Treatment consisted in washing the duodenum and intravenous in- 
jection of glucose and insulin. The patient was sent home in good health. 
Aside from a slight attack on February 13, she felt well until the middle 
of April. After a meal of bread and lard a severe colic set in followed by 
jaundice and alternating temperature up to 103° C. In spite of all medi- 
cal treatment her condition deteriorated rapidly and she was in a serious 
septic state. 
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Another operation was decided upon on May 10. The liver was en- 
larged and indurated; there was no abscess and no suppuration. The 
common duct was as wide as a finger. By needling the hepatic duct with 
a syringe, clear yellow bile was aspirated which was kept for bacterio- 
logical examination. No stones were found and the papilla was perfectly 
patent. There was no stasis whatever in the common duct. Even a thick 
bougie could easily pa^s through the papilla into the duodenum. The 
common duct was sutured again and also the abdominal wall without 
drainage. From the bile a pure culture of Bacillus coli could be culti- 
vated. An uneventful recovery’ followed. 

Treatment consisted in frequent washing of the duodenum by means 
of the duodenal tube with a 33 per cent solution of magnesium sulphate 
and the injection of coli serum. Drainage of bile into the intestines w3* 
very abundant and the stool was very dark from drained bile. In spite 
of this energetic treatment no improvement was obtained and a rapid 
deterioration took place leading to a serious septic state with chills and 
alternating temperature. 

Therefore, a third operation was performed on May 29. The common 
duct, which was free from all stones, was again opened; and the papilla 
into the duodenum was also widely opened. A drain was introduced into 
the hepatic duct toward the liver in order to secure a total external drain- 
age of bile. 

The postoperative course was very satisfactory; the temperature be- 
came normal and on July 9 the patient was released in a perfect state of 
health, aside from the liver which was still somewhat enlarged and hard. 
In the follow-up the patient was seen every year for eight years without 
having anj T further attack and the liver became quite normal. 

Summary. The patient with a serious hepatitis apparentlj- due to 
Bacillus coli suffered from recurrent acute attacks of septic hepatitis 
with jaundice. In spite of the fact that no obstruction of the common 
duct could be found and that drainage into the duodenum was not 
hindered, the septic state could not be corrected. Only the temporal 
total external drainage of bile succeeded at once in interrupting the 
septic state and eventually in healing the hepatitis. 

We must assume that the b. coli draining into the duodenum had 
been reabsorbed cither by the lymphatic vessels or by the portal vein, 
reaching the liver again and sustaining in this way a septic hepatitis 
Only after this circle had been interrupted by external drainage could 
the infection be brought to a standstill. 

(3) To perform only a short-circuit operation and leave the stones in 
the papilla entails running a risk, because the stones may abo cause an 
obstruction in the pancreatic duct and interfere with the drainage of 
pancreatic juice. 
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(4) Ascending cholangitis has been reported in several eases. This is 
one of the main objections against the operation. 

When patients with a choledochoduodeno&tomy are given barium 
meal and lie on their right side, it can be observed that not only the 
common duct is fdled with the opaque liquid but also that it ascends into 
the small intrahepatic ducts. Therefore, the patient should be advised 
not to lie down after a meal but rather to sit or to walk, or when lying 
down to recline on his left side only. Cases of ascending cholangitis are 
reported by many surgeons. The danger seems to be less when the 
anastomosis has been performed as wide as possible. There are cases 
reported (Finsterer) in which after the barium meal all the intrahepatic 
ducts can easily be filled and in spite of this fact, the patients have been 
in perfect health for several years. I made the same observation in my 
own cases. 

(o) It must be admitted that shrinking of the anastomosis is observed 
even when it has been performed one-half or three-fourths of an inch 
wide, especially in infected cases. 

To summarize I would express my opinion that choledochodtiodenos- 
tomy is a good short-circuit operation but the indications for it are not 
too many. These indications are all cicatricial stenoses, but I must say 
that a real cicatricial stenosis is not so frequent as to interfere with the 
outflow of bile when all stones have been removed. It is a good opera- 
tion when, in the case of pancreatitis, the swollen head of the pancreas 
or swollen glands interfere with the free outflow of bile. It must also be 
considered as suitable drainage treatment in pancreatitis. 

The operation has good results at times in the case of dyskinesias 
after cholecystectomy. But I do not think that this operation should be 
considered for urgent surgery except in acute cases of obstruction in the 
papilla as has been mentioned. 

In badly infected cases I strongly believe that external drainage is 
preferable to internal drainage when performing this side-tracking opera- 
tion. An objection which I have frequently made is that the sudden fall 
of the back pressure — the maintenance of which I consider of the great- 
est value after decompression — is a serious drawback to the anastomosis. 

In using the technic of external drainage with a watertight tube the 
back pressure can be maintained and regulated better than in the case 
of a wide internal fistula without a regulating sphincter. 

The objection that the loss of bile through the external fistula causes 
serious drawbacks is not justified, since the x-ray control by cholangio- 
gram has shown that when using regulated external drainage and the 
ether method, a sufficient amount of bile passes into the duodenum 
even after a few days. 

The main objection, of course, against choledochoduodenostomy in 
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acute cases is that the mortality rate is twice or three times as high as 
when tiding the ether method. 

Ether Method. The ether method is based on the following fact: All 
gallstones consist of a certain amount of cholesterol which forms their 
covering. The cholesterol content of the gallstones varies from a few 
per cent to practically 100 per cent. It can be easily dissolved by ether 
and we can satisfy ourselves by a simple experiment in a test tube how 
a gallstone, when treated with ether, starts to crumble after a short time 
and is transformed into a soft brown mass which can easily pass even a 
small papilla. Therefore, we may call this process a breakdown rather 
than a dissolution. 

Technic. The patient is operated upon in the manner already de- 
scribed. A costal incision is made; bleeding points are carefully con- 
trolled, and the li\er and common duct are inspected in order to plan 
for the procedure. The bladder is emptied by aspiration. In suitable ca«es 
subserous cholecystectomy or electrocoagulation is performed in order 
to preserve the serous layers. This is possible in the great majority of 
cases. Careful covering of the liver bed should be carried out so that this 
operative field is perfectly dry and definitely controlled; peritoneal pads 
should be changed. 

After a new walling off of the common duct the hepatoduodenal liga- 
ment 5s divided and bile from the common duct is aspirated with a fine 
needle on a syringe. A supraduodenal incision is made and all stones 
which can should be removed. When the papilla has proved to be per- 
fectlj' free, a gentle dilatation is performed not larger than the size of a 
pencil in order to avoid cracks which may seriously bleed in cholemie 
cases. Too wide a dilatation, as advocated by some surgeons, should also 
be avoided because an undesired reflux of active pancreatic juice into 
the common duct has been observed. 

When the papilla appears to be obstructed and we have to deal with 
a non a cute case with only recently developed jaundice, that is to say, 
with a case in a favorable condition, we may extend the probing of the 
papilla by diriding the lateral peritoneum on the border of the duo- 
denum, gently introducing the forefinger and middlefinger of the left 
hand behind the duodenum and try to pa«s the probe again under the 
guidance of these two fingers. If this trial fails the peritoneum is sewn 
together and any further forcing of the papilla must be strictly avoided. 
But whether the papilla has been found free or obstructed, the procedure 
is the same in all ca^s and external drainage of the common duct i-* 
carried out in order to perform the x-ray control by means of a cholangio- 
gram after a few days. Only this control nsniTcs one that no stones are 
left and the common duct is free. 

X-ray control as a routine method in such cases has proved advan- 
tageous and is the only way to avoid recurrences caused by stones that 
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have been overlooked. Indeed this occurrence is much more frequent 
than we would expect. Recent statistical figures have proved that in 1C 
to 20 per cent (Mayo, Jung, Briining) stones are overlooked and that 
50 per cent of all recurrences are caused by stones that have been missed 
(Kirschner’s Clinic). 

(1) The drain is introduced through the opening in the common duct 
right down to the papilla, the tip touching the stone. Care should be 
taken so that the drain does not kink or pass into the duodenum. The 
opening in the common duct is sewn so as to be watertight or “bile-safe” 
around the drain which is held in its place by binding the catgut sutures 
around it. The drain should not be too wide, so that there may be ample 
room in the common duct for the bile from the hepatic duct to flow 
alongside the drain. 

(2) The hepatoduodenal ligament is also sewn around the drain to 
carry out an exact peritonization of the operative field. Watertightness 
is useful for a clear cholangiogram. Other drainage is seldom necessary 
but there is no harm in introducing a safety drain into the abdomen for 
forty-eight hours. 

(3) Between the fifth and seventh day, according to the condition of 
the patient, the first cholangiography is performed. The technic is very 
simple: 

The patient is laid on the x-ray table over the Potter-Bucky frame. 
The bandage is removed and all traces of adhesive on the skin are 
washed away with benzine. Only the drain is secured with a small piece 
of adhesive to the skin or better still held in position by an assistant. 
Twenty cc. of lipiodol, warmed to body temperature, is then slowly 
injected through the rubber tube into the common duct and the patient 
is asked to report when he feels undue pressure. In most cases 20 cc. 
can easily be injected. 

Then the first x-ray picture is taken. It shows in many cases that even 
when the papilla was absolutely impermeable at operation, a small 
amount trickles into the duodenum. After a few minutes a second x-ray 
picture is taken. When the result of this cholangiogram is clear, drain- 
age is allowed until the lipiodol has flown out and bile starts to drain 
again. When stones have been found the ether treatment can be started 
on the same day. 

(4) One must remember that ether boils at body temperature; hence 
the evaporating ether causes some pressure in the common duct which 
the patient may feel in the epigastrium. The amount of ether to be used 
depends entirely on the width of the common duct; in an enlarged duct, 
0.5 cc. or even 1.0 cc. can easily be injected, while a small duct may take 
only a few drops. The bile is first aspirated out of the drain with a 
syringe in order to empty the duct as much as possible. The syringe is 
then filled with ether, which is carefully injected drop by drop. The pa- 
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tient is told to announce when he feels pressure, and when he gives the 
signal the contents are aspirated again and the pressure immediately 
ceases. 

The injection can be repeated several times in the same way so that a 
real lavage is performed. Finally 1.2 cc. of liquid paraffin is injected 
and the drain closed with a clamp. The patient is told to leave the clamp 
on as long as possible and to remove it only when he feels pressure. 
When removing the clamp we have immediate evidence whether or not 
a stasis in the common duct still persists. In the case of stasis, even of a 
minor degree, the color of the bile is green because of the presence of 
biliverdin, while in the case of free drainage into the duodenum the bile 
has a golden brown color. 

In some cases adrenalin and atropine, or 0.5 per cent solution of 
perenine can be added to facilitate relaxation of the sphincter of Oddi. 
This procedure may be repeated two or three times a day according to 
the particular ca«e. An injection of 50 cc. of a 33 per cent solution of 
magne^um sulphate can al«o be given through a duodenal tube once or 
twice a week alternately with olive oil. 

The time that the patient can stand the occlusion of the drain some- 
times increases very rapidly, the papilla becoming more and more 
permeable. After a week’s treatment a new cholangiogram is taken. The 
patient can leave the hospital after two or three weeks and may be 
treated as an out patient or, if necessary, at home. The drain is removed 
when the cholangiogram shows that the whole common duct and the 
papilla are empty. The small fistula will always close within forty-eight 
hours. 

The surgeon should always bear in mind that the ether method is a 
conservative form of treatment, and that the time required for dissolving 
stones and emptying the papilla varies considerably. In some caves we 
need a few days and in others as long as eight week.*-. 

For example, at the operation upon a man, aged sixty-four, an ab- 
solutely impermeable papilla was found which could not be emptied 
even after six weeks of ether treatment. I was already considering a 
new operation with a transduodenal opening. Owing to the tendency of 
the obstruction and the unusual failure of the ether treatment, I even 
suspected a carcinoma of the papilla. Fortunately, I had to postpone 
the operation for another week and meanwhile continued the ether treat- 
ment. The next cholangiogram taken a week later showed that the 
ampulla was empty. I followed up this patient for five years. lie remained 
in perfectly good health and had no further trouble. 

It is important, therefore, not to become discouraged, even if after 
treating a patient for several weeks the cholangiogram shows that the 
ampulla has not yet been entirely emptied. The time required for di«olv- 
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ing the stones or transforming them into a pulp that will pass through 
the papilla depends on many factors. 

I have sometimes seen stones hidden in inflamed and swollen crypts; 
such a situation will delay their dissolution; but the fact that I have 
finally met with success in all thirty-eight cases, including some ob- 
stinate biliary fistulac, and that since 1932 I have not had to perform 
any operations such as retroduodenal or transduodenal choledochotomy, 
makes me confident that we can rely on (he method, and I think we 
should consider a second operation only after long and thorough ether 
treatment has failed. 

Indications. The ether method deserves in my opinion wide use in 
urgent surgery for obstructed stones in the ampulla of Vater. There is 
no doubt that this kind of procedure involves the lowest operative risk. 
When performing an electrocoagulation of the gallbladder and sewing a 
small rubber drain into the supraduodenal choledochotomy incision, 
through which accessible stones have been removed, the whole opera- 
tion can be performed in thirty minutes. 

This simple procedure has reduced the mortality rate to 5 per cent 
in these serious cases, instead of 20 to 50 per cent. Two patients have 
died out of forty with signs of progressing hepatic insufficiency before 
the treatment could be started. Both patients — one of whom was a 
doctor sixty years of age — suffered for weeks from obstructive jaundice 
with cholangitis, could not recover from their drowsiness after operation 
and died in hepatic coma. 

The results so far have been very encouraging. Out of thirty-eight 
cases in which the ether method has been used the papilla became 
permeable in all cases. Obviously we must always keep in mind that 
we may have to consider a second operation when for some special reason 
the ether treatment should fail. But even when we have to do so the ad- 
vantages of this two-stage operation for obstructed stones in the papilla 
are evident. At the second operation we operate upon a patient in quite 
a different state: there is no jaundice any more, septicemia is overcome 
and hepatic function is considerably improved. 

On the other hand, the cholangiogram presents definite evidence 
about the conditions in the common duct: stones, cicatricial stenosis, 
pancreatitis, etc. When stenosis in the papilla is the cause of incomplete 
emptying, we may consider a choledochoduodenostomy as the second 
operation. But as a matter of fact these considerations so far have been 
theoretical only. I was not forced to perform a second operation at all 
in any one of my thirty-eight cases. The follow-up has shown that only 
one had recurrence of gallstones. 

The patient, a man aged forty-three, was admitted to the hospital 
in December 1935. He had had jaundice in 1918 for the first time and 
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afterward had a sensation of pressure frequently in the upper portion 
of the abdomen. Six months before being admitted to the hospital he 
had developed pain in the upper part of the abdomen. Cholecystography 
showed no filling of the gallbladder but no special treatment was given. 
Later colic set in again and was followed by jaundice. On admission to 
the clinic he was very ill with severe jaundice and multiple cholemic sub- 
cutanous hemorrhages; any pressure on the skin produced bruising. His 
circulation was poor and he had high alternating temperature with fre- 
quent chills. The urobilinogen test was green instead of red which I have 
always found to be a sign of a badly damaged liver. 

Operation was performed on December 9, 1935. The liver was en- 
larged and friable and the gallbladder badly inflamed containing puru- 
lent mucus and small stones. After electrocoagulation (mucoclasis), the 
common duct was incised and abundant mucus and stones removed. The 
stones reached high up into the hepatic ducts. They were removed as 
far as possible and the operation was ended quickly because the condi- 
tion of the patient had become very poor. A rubber tube was intro- 
duced into the common duct and sewn water tight and the abdominal 
wound closed. After the operation glucose and calcium were injected by 
intravenous drip. Parathormone was administered and gelatin injected. 
Prontosil and cardiac stimulants were also given. 

The patient improved gradually and on the twelfth day after the 
operation the ether treatment was started. He had chills again with a 
ri«e in temperature several times a day. The wound had to be bandied 
very carefully because any movements of the drain caused immediate 
bleeding. The appearance of the bile gradually improved and eventually 
became brown and clear. There was never any serious hemorrhage. The 
patient had fever and chills until January 11, I93G. 

The progress of treatment was controlled by repeated cholangiog- 
raphy. On March 6, 1936, cholangiography proved that the papilla and 
the common duct were entirely free. On March 8, he was discharged 
from the clinic in good condition but the liver remained enlarged ap- 
parently due to cirrhosis. 

Between 1936 and 1938 his health remained good but in 1938 he was 
again ill and as far ns I can ascertain was operated upon somewhere 
else for a “recurrence of gallstones.” 

It is not quite clear whether some gallstones remained in the intra- 
hepatic duct and later descended causing a new occlusion of the papilla, 
or whether only his biliary cirrhosis made further progress. As the 
eholangiogrnm taken before removing the tube showed no stones, the 
common duct and the papilla were certainly free and the fistula closed 
in forty-eight hours and remained closed for two years. Therefore, it 
might be that the recurrence was due onlj' to a recurrent hepatitis with 
jaundice. 
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Pre- and Postoperative Treatment. As mentioned before there is, 
as a rule, not much time left for preoperative treatment in urgent 
surgery. But even during twelve to twenty-four hours which may be at 
our disposal a good deal for the improvement of the general state and 
especially the function of the liver can be done. 

(1) Liver and Gallbladder. The acute pathological trauma which takes 
place in the hepatobiliary system causes an interference with the func- 
tion of the liver almost always. Leaving aside injuries caused by external 
force, the acute inflammatory process is usually in the foreground. 

It is important to bear in mind that in every acute inflammatory 
process in the abdominal cavity a certain amount of immunity and self- 
defense gradually develops. The effect of this self-defense is the local- 
ization of the process. Within this area of localization immunity is of 
great value for the healing process. Therefore, all means which would 
favor this process of localization should be applied. A slowing down in 
the progress of the inflammation is the best means of developing self- 
defense and immunity. Slowing down of such an acute inflammatory 
process can be compared in its effect to active immunization by the 
injection of less virulent germs. 

The best means at our disposal for slowing down an inflammatory 
process is the application of ice. Therefore, I think it is advisable that 
during the whole time which we can spare in postponing the operation 
an icebag should be applied at the region of the liver and gallbladder. 
Application of warmth accelerates the development of inflammation 
and suppuration. The process of self-defense and immunization always 
takes a certain time. Therefore, I believe hot applications should be 
strictly avoided in acute case-'. 

(2) Edema of the Liver. The most frequent response of the liver in 
hepatobiliary diseases, especially in acute infection, is a marked edema 
comparable to edema of all infected tissues. This condition of the liver 
causes the organ to be considerably enlarged, soft and of a frail con- 
sistency. It reaches sometimes more than a hand’s breadth down under 
the costal arch. This edema is characterized by its fleeting character.lt is 
the first stage of hepatitis and is always accompanied by a certain 
amount of functional weakness. The combating of this acute edema is a 
very important task in the pre- and postoperative treatment of the liver, 
and it can be achieved quite easily by osmotic therapy, namely, de- 
hydrating the liver by intravenous injections of hypertonic solutions. 

We start this dehydrating therapy immediately by injecting 20 cc. of 
50 per cent glucose combined with calcium three times a day. The effect 
of this procedure is often striking. The enlargement of the liver dimin- 
ishes and undue pressure may relax. Another favorable effect of the 
glucose injection is the replenishing of the glycogen storage. 

(3) Hemorrhagic Diathesis. Postoperative hemorrhage is most serious 
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and is frequently the cause of a fatal outcome, occurring even days after 
an otherwise successful operation. 

A great deal of research has been done concerning the causes and con- 
ditions responsible for cholemic patients bleeding after operation. UVe 
have some tests which to a certain degree enable us to find out the 
diathesis o! these patients before operation. This is certainly important 
for our pre- and postoperative treatment, but I cannot agree that when 
these tests reveal a great possibility of dangerous postoperative hemor- 
rhage that this should be considered a contraindication to operate, as 
believed by some surgeons. We have to consider the fact that these 
patients require an urgent operation, that their condition deteriorates 
from day to day and that a fatal outcome will not be postponed by any 
other treatment than that of operation. 

Therefore, I believe we should give the patient a chance and run the 
risk of an operation despite what these tests maj’ have shown. In my 
opinion the practical value of these tests lies not in their interference 
with our decision as to whether or not we have to operate, but rather in 
the improvement and modifying of our technic, in the indications they 
suggest for the simplest way to perform the operation, in the choice of a 
proper anesthesia and in the thoroughness of our pre- and postoperative 
treatment. 

Two factors must be considered important in order to explain this 
hemorrhagic diathesis: (1) An increased permeability of the capillaries 
not only for fluid but also for corpuscular elements, such as blood cells; 
(2) disturbance in the physiology of blood coagulation. A simple test 
for these conditions can be made in the following way (Ivy) : 

The blood pressure cuff is applied to the arm, the pressure raised to 
40 millimeters of mercury and maintained at that point for one minute. 
Then a puncture of 2.5 mm. is made on the forearm with a mechanical 
stilette. At a constant pressure of 40 mm. the upper limit of bleeding time 
in the normal individual is approximately 240 seconds. In jaundiced 
patients inclining toward hemorrhage, the bleeding time can be pro- 
longed considerably. 

In the same way the permeability test can be carried out. When the 
tourniquet is applied for a certain length of time, multiple peteehine ap- 
pear on the skin and, when knocking with a percussion hammer, sub- 
cutaneous hemorrhages also appear. This test, which is significant for 
the vulnerability of the capillaries and larger vessels, is obviously a real 
test for the reaction of tissue against injuries. 

A test for the dotting process is achieved by investigating the pro- 
thrombin, antithrombin and fibrinogen content of the blood. When 
multiplying prothrombin by fibrinogen and dividing it by antithrombin, 
an index is obtained which is normally 0.7 or above. A lower index indi- 
cate* a certain hemorrhagic tendency. 
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The sedimentation rate also can be a useful test. A very rapid sedi- 
mentation of the red blood cells indicates hemorrhagic diathesis. 

Precautionary Measures. (1) The principal rule to be considered 
is that any delay and undue postponement of operation in case of ob- 
structive jaundice should be strictly avoided. The old rule to wait for 
about six weeks is a baneful mistake. 

I have already discussed the way which has proved most satisfactory 
how to manage the patient during the first days following the attack. 
In infected cases the operation should be performed as an urgent opera- 
tion within twenty-four hours; in noninfected ca«e^ a decision must be 
made within a week’s time at the most. 

(2) Surgical Precautions. Improvement of surgical technic has been 
valuable in the prevention of postoperative cholemic hemorrhage. The 
greatest thoroughness should be employed in the control of bleeding, in 
the avoiding of any damage to the liver bed and in the covering of the 
whole operative field with serous tissue (subserous excision, electro- 
surgical operation). 

Only the simplest operation should be performed in poor risk cases; 
the ether method is to be used in the postoperative treatment for im- 
pacted stones. The danger of hemorrhage is lessened in this way to a 
high degree. 

Biological Methods to Prevent Postoperative Hemorrhage. 
Two determining factors must be considered: (1) the pathology of coagu- 
lation, and (2) the increased permeability of the capillaries. 

Pathology of Coagulation. Research work in recent years has con- 
tributed a great deal toward the understanding of this factor. The 
tendency to bleed in hemorrhagic diathesis depends definitely on a de- 
ficiency of plasma prothrombin. This prothrombin must be considered 
a physiological entity rather than a chemical substance (Pateck, Taylor). 
By omitting certain fat-soluble substances in the diet, diathesis can be 
produced experimentally while the plasma prothrombin content drops. 
This diathesis can be stopped and relieved, on the other hand, by giving 
certain sterols, commonly known as vitamin K. 

The prothrombin index can be increased by vitamin K which is found 
in prothrombin itself. Vitamin K is a fat-soluble substance which is only 
reabsorbed from the intestines with the aid of bile and bile acids. 

The whole process seems to be reasonably clear and so also the rules 
for therapeutic measures. In case of obstructive jaundice no bile acids 
reach the intestines, reabsorption of vitamin K from food is hindered, 
prothrombin in the plasma drops and the clotting mechanism of the 
blood is seriously damaged. 

As for the treatment vitamin K in capsules with desoxy cholic acid or 
bile is given. Results are encouraging. 

But with due regard for the great practical value of this research work, 
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we must nevertheless admit that hemorrhagic diathesis and post operative 
cholemic hemorrhage are not fully explained by the clottingfactor alone. 

Increased Permeability of the Capillaries. In my opinion the second 
factor, i.e., the increased permeability of the damaged capillaries has 
been neglected too much apparently because of the discoveries of 
vitamin K and its influence on prothrombin and the clotting mechanism. 

Muscular hematoma's, the bleeding from noninjured surfaces as well 
as the huge fatal bleeding into the intestines, which we observe during 
the postoperative course, are due more to the increased permeability of 
the damaged capillaries. And this is what we have to fear when operat- 
ing. This permeability is the cause of the petechiae which can be pro- 
duced in the skin of the whole arm as a test when applj’ing the blood 
pressure apparatus. 

In tightening the wall of the capillaries lie^ the value of calcium 
therapy which has been challenged and disputed in the last years as 
having no effect whatever on cholemic hemorrhage. This opinion was 
based mainty on experimental finding-* which showed that here was no 
marked increase of the calcium level in the blood nor any influence on 
bleeding or coagulation time or on the prothrombin index. 

But, as already mentioned, in my opinion the value of calcium 
therapy, which in clinical work has impressed me several time* especially 
when combined with parathormone, lies not in its influence upon the 
coagulation process hut in the fact that the intravenous calcium ap- 
plication combats the pathological permeability of the capillaries. 

I u«e calcium therapy in pre- and postoperative treatment as a rou- 
tine. Twice a day the patient receives intravenously 10 to 20 cc. of a 
10 per cent solution of calcium gluconate. In addition intramuscular 
injections of parathormone (Lilly) 0.5 cc. are given daily. I do not think 
it wise to condemn the application of calcium as useless in regard to the 
capillary factor in cholemic hemorrhages. 

Summary. The rules for combating cholemic hemorrhages may be 
established as follow*: 

(/) Surgical Precautions. Simplification of procedure in ca«es of 
hemorrhagic diatheri*. 

(a) Avoidance of retro- and tran*duodenal method for impacted 
stones in the ampulla bv applying the ether method. 

(b) Careful surgical control of hemorrhage when operating; strict 
avoidance of tamponade. 

(2) Biological Method. 

(a) Application of vitamin K to increase the prothrombin index. 

(b) Application of calcium and parathormone to combat increased 
permeability of capillaries. 

(c) Hemostyptic serum (Parke, Darns). 

(d) Blood transfusion. 
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In serious cases a blood transfusion should be applied before and after 
the operation. But it must be said that in spite of all enthusiasm the 
special results in preventing cholemic hemorrhage are not absolutely 
convincing, and in cases of serious hepatic insufficiency there is a certain 
factor of doubt as to whether a blood transfusion means additional 
work for the liver or not. 

Acute Insufficiency of the Liver Following Decompression. 
The precautionary measures have been discussed fully when dealing 
with the question of drainage. Maintenance of the back pressure in the 
technic of drainage has proved an important factor. 

Respiratory Tract. When there is an acute or subacute infection in 
the respiratory tract, the operation should be postponed if possible. But 
for obvious reasons in urgent surgery we can postpone the operation only 
within certain limits. We are often forced to make the best of the pa- 
tient’s condition. Painting of the throat with iodine and camphor solu- 
tion is always advisable and should be carried out at once. For patients 
with bronchitis an injection of the soluble quinine derivatives has proved 
to be by far the best (solvochin and camphor in ether). Hot applications 
round the chest, inhalants and expectorants of all kinds are advisable 
together with breathing exercises immediately after the operation with 
the help of carbon dioxide. 

Spinal anesthesia is in all cases of hepatic insufficiency the anesthesia 
of choice; it is also the best when the patients are endangered by the 
conditions existing in their respiratory tracts. But it has been proved 
that an additional general anesthesia with gas-oxygen has some ad- 
vantages over the pure spinal anesthesia, beciusc artificial rhythmical 
ventilation of the lungs during operation has its definite value. I never 
use local anesthesia in jaundiced patients; hematomas at the place of 
the injection have been observed. When there is an infection of the 
lungs, spinal anesthesia with gas-oxygen is also preferable. 

During the operation any pulling on the liver and the diaphragm 
should be strictly avoided. The incision must have ample exposure so 
that we can operate in situ as gently as possible without changing the 
position of the liver. It is a well known and important fact that in all 
operations upon the liver some damage is easily done to the diaphragm 
and that the lower lobe of the lung is in real danger of becoming con- 
gested. It may be followed by massive collapse and consequent pneu- 
monia. The same holds true on the left side when for instance a splenec- 
tomy is performed. 

The complications in the right lower lobe following operation on the 
hepatobiliary tract may form a real danger in the postoperative course 
and increase the mortality. On the other hand, if we bear this danger in 
mind we are in a position to overcome it to a considerable degree with 
our surgical precautions. 
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Belonging to these surgical measures in lung complications I also in- 
clude the careful control of hemorrhage. When we rely upon clotting only 
for the stoppage of hemorrhage in smaller vessels without closing the 
vessels by ligatures, these clots are more likely to become infected. We 
must realize that embolism of such infected blood clots may cause small 
spots of infection in the lungs and these infected spots may give rise to 
bronchopneumonia and a spreading of infection. 

This modus of lung complications is certainly most important and is 
an explanation for the statistical figures, which prove that when apply- 
ing local anesthesia and using the same technic lung complications are 
not lower than when using general anesthesia. A correct surgical technic 
and especially the careful control of hemorrhage must be considered as 
the most important precautionary measures against lung complications 

Hiccough. Hiccough can be one of the most tiresome and tenacious 
postoperative troubles. The best measure to counteract this condition 
so far is the inhalation of carbon dioxide. It was successful in ca^es in 
which all other methods had failed; therefore, I cannot advi«e anything 
better. In some cases this embarrassing reflex could be stopped by 
painting the mucous membrane of the nose with novocain-adrenalin. 

Cardiovascular Preparation, Some physicians advocate treat- 
ment with digitalis or other cardiac stimulants before operation at all 
times. We are rather reluctant to do so and have always found, in col- 
laboration with our consulting physicians, that routine preoperative 
cardiovascular treatment is not necessary or even advisable. We limit 
cardiac treatment to the demands of the special case and must say that, 
according to our experience, the strain of the operation on the patient's 
heart has been rather overrated. 

If we analyze all cases with a fatal outcome, we can scarcely find one 
that is directly due to overstrain of the heart and circulation immedi- 
ately after operation. Cases of acute cardiovascular collapse, however, 
occur following removal of an obstruction of the common duct followed 
by sudden decompression, the latter being the usual cause. 

The most striking case that I have observed was that of a woman, 
seventy-three years of age, with cholemia, septicemia and diabetes due 
to chronic pancreatitis. Before the anesthetic could be administered she 
suffered a serious circulatory collapse on the operating table and for one 
hour we had to apply all kinds of stimulants before we could start. The 
operation which was quickly performed under spinal anesthesia (inueo- 
clasis of the empyema tons bladder and removal of a common duct stone) 
was performed without the slightest change in the patient's circulatory 
condition. Aside from the heart trouble from which the patient has suf- 
fered for years, she now enjoys a satisfactory general state of health 
eight years after the operation and at the age of eighty-one. 
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The cardiovascular disturbance in the postoperative course, starting 
usually on the third or fourth day, is in most cases purely secondary, 
due to absorption of toxic products from the operative field. These 
toxins are frequently protcinogenous products of histamine character, 
but they may also be bacteriogenic toxins, all of which damage the 
peripheral circulation and cause lowering of blood pressure. 

This toxic insufficiency of the peripheral circulation is best combated 
by an intravenous drip infusion which, according to my experience, has 
proved very satisfactory in the detoxication of the patient and the im- 
provement of the whole peripheral circulation. The choice of the solution 
is important. I often apply glucose and saline, but have found a mixture 
of citrate salt solutions in addition very helpful. 

The patient should not perspire, even when a drip infusion is con- 
tinued for four to five days. Perspiration is a sign that the solution has 
not been retained in the blood vessels and that it permeates the capil- 
laries. If there is any inclination to perspire, a 1 per cent calcium citrate 
solution should be added to the intravenous infusion. Parathormone in- 
jections (5 units), which retain the calcium level in the blood, have also 
proved useful. According to the individual case, strophantinc (1/60 of 
a grain) can be added as well as digitalis preparations. But this is not 
the place to discuss the special indications for digitalis therapy in the 
postoperative treatment. 

Postoperative Bowel Motion. I am not in favor of forcing the 
bowels to move during the first days after the operation. For twenty-four 
to thirty-six hours the bowels are practically always paralyzed but this 
causes no harm and the rest provides the best conditions for abdominal 
wounds to heal and for inflammatory processes to localize. When the 
conditions in the abdominal cavity appear normal, the intestines start 
to move almost without help. On the other hand, when there is an un- 
controlled inflammation, any movement excited by forcible means (pur- 
gatives, irritants, etc.) may cause a spread of the inflammation. 

The only thing I do is to give an injection of 20 cc. of glycerin into 
the rectum but only when the bowels have already started to move and 
the rhythm is still disturbed and the purpose of the motion not achieved. 
I do not give any oral purgatives as a rule before the fifth day. Should 
peristalsis be delayed in spite of the absence of any peritoneal irritation, 
1/60 grain of physostygmin or prostygmin intravenously has always a 
reliable effect. , 

Abdominal Complications 

Peritonitis. I must emphasize again that peritonitis following a gall- 
stone operation has become a very rare complication with our modern 
technic. As one of the main points of the technic I should like to men- 
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tion (a) limitation of the operation to the field of local immunity; the 
costal incision has proved to be a great help for this purpose; (b) elee- 
trosurgical operation in all infected cases and exact peritonization of the 
operative field. 

But in seriously infected and bad risk cases I use some precautionary 
measures which I think are of some value. These consist (a) of an intra- 
muscular injection of 20 cc. of coli serum foT the first three days follow- 
ing the operation at the latest. Then these injections must be stopped 
because of anaphylaxis. I had cases in which this coli serum had a con- 
vincing effect. So I am always inclined to give this injection in suitable 
cases, (b) The administration of 4 gms. daily of sulphanilamide deriva- 
tives for the first three days. 

Acute Dilatation of the Stomach. This is a very serious complica- 
tion which has been observed on several occasions after an operation on 
the biliary tract. It is nothing else than a high ileus with vomiting of 
huge ma«scs from the stomach, causing a serious and quick exhaustion 
of the patient. 

In my experience the padding with swabs, which was formerly very 
common, was to blame in the first place. I have not observed a single 
case since I have abandoned this method of tamponade, but I have seen 
some cases during consultation with other surgeons. Removal of the pad- 
ding has had an immediate effect. Continuous suction of the stomach 
contents should be administered. 

Leakage of Bile. This complication u«ed to be very common after 
a classical cholecystectomy. Leakage of bile through the drain was so 
frequent that it was considered natural. It was assumed that this 
leakage came from the cystic duct. With the development of the exact 
peritonization in the elect rosurgical operation this complication can be 
practically excluded so that the closure of the abdominal wall without 
drainage may be performed in most cases. I believe that this leakage of 
bile observed so often formerly came rather from the injured liver bed 
than from the cystic stump. 

Fistulae. A persistent bile fistula is a certain sign of an obstruction 
in the common duct usually caused bj' a stone which had been over- 
looked. "When the outflow through the common duct into the duodenum 
is free, a leakage of bile following the removal of the drainage stops 
within a few days. When, however, a stone has been overlooked in the 
common duct, it causes a permanent leakage of bile. 

We are now in a position to deal with such a fistula without re-open- 
ing the abdomen in the following way: 

We introduce a small rubber drain through the fistula. This rubber 
drain finds its way easily through the formed track into the common 
duct and down to the point of obstruction. Then an x-ray picture by 
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means of the injection of lipiodol (cholangiography) is taken. This pic- 
ture reveals the cause of the obstruction and hence the cause of the bile 
fistula. Invariably, the presence of stones will be demonstrated. When 
stones have been found, the ether treatment is performed. I have suc- 
ceeded in cases of such fistulae lasting for months in freeing the papilla 
by dissolving the stones sometimes after a week or two. 

When by means of cholangiographj' the papilla has proved to be free, 
the drain can be removed and the fistula closes within forty-eight hours. 

Duodenal Fistula. A duodenal fistula is observed (a) in the case of 
an accidental injury during operation; (b) when perforation of the gall- 
bladder into the duodenum has occurred and when the hole in the duo- 
denum has not been closed carefully enough or has reopened again after 
removal of the gallbladder. This occurs principally when a drain has 
been left too near to the duodenal sutures; and (c) when performing an 
anastomosis between the duodenum and the gallbladder (cholecysto- 
duodenostomy) or an anastomosis between the common duct and the 
duodenum (choledochoduodenostomy). Such leakage from the duo- 
denum must always be considered a very serious complication lending 
to cachexia within a short time. 

A characteristic clinical sign following leakage from a duodenal suture 
line is the fall of temperature to 97° F. and below. The skin becomes 
irritated very soon because of the activity of the duodenal juice. Every 
effort, therefore, must be made to deal with such a fistula. The measures 
.are: 

General. The oral intake of food or liquid should be restricted or 
avoided for a few days. The patient’s need for food must be met either 
by intravenous drip infusion, a measure which always should be taken 
in such cases, or by rectal drip infusion. 

Tamponade. Tamponade of the wound with gauze soaked in simple 
olive oil should always be tried. 

Suitable Proteclion of the Skin. Charcoal application as an absorbent, 
beside the protection of the skin by suitable ointments, has proved 
helpful. In serious cases with a great loss of duodenal juice and fluid a 
jejunostomy is sometimes the only measure which may save the patient’s 
life. 

Postoperative Herniae. It is well known that postoperative herniae 
are especially frequent when operating for gallbladder diseases. The 
median and the old Kocher and Kehr incisions were most likely to be 
followed by incisional herniae especially when not only drainage but also 
padding had been employed. The frequency of such herniae, according 
to statistical figures, is as high as 15 per cent. 

But not only has this regular hernia been observed but also a paralysis 
and atrophy of the abdominal muscles due to injuries at operation to the 
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sixth to ninth costal nerves. This may lead to a weakness of the ab- 
dominal wall on the right side resulting in a dome-like contour of the 
abdomen. 

This accident is not only a great annoyance to the patient but is also 
most difficult to repair at a second operation. I must say here that 
since the development of the costal incision, which I have employed jin 
more than 1,000 cases, I have not ob s erved a single postoperative hernia, 
even when infection of the wound took place. The same results with 
this incision have been reported by all surgeons who have adopted this 
method (Stegemann in 700 case's, Usadel, Orator). 

Thrombosis. Thrombosis in the veins of the lower extremities is to 
be feared during the postoperative course. The relative frequency with 
which such thrombosis occurs has more general than special reasons. 
In the majority of cases patients with gallstones are adipose women with 
a history of pregnancy. Varicose veins in the calves are frequent. Pre- 
ventive measures in poor risk cases, especially with a history of previous 
thrombosis, should always be carried out. Both legs should be elevated 
and massaged upward. This should be carried out daily after the opera- 
tion. I have the impression that these precautionary measures lessen 
the frequency of thrombosis. But I must say that in some cases I have 
noticed pain in the veins after such a massage which induced me to stop 
it. Apparently there was an irritation of previously inflamed veins. 
Embolism seems to be very rare in gallstone diseases when the modern 
technic is employed. 1 have not lost a single patient from embolism in 
more than 1,000 cases. 

Treatment of Thrombosis. When a thrombosis in the calf appears, 
the limb should always be fixed on a splint and elevated. Ichthvol oint- 
ment produces the best results. 

In conclusion of this chapter we believe that a table of classification 
and causes of jaundice may not be out of place. 


(I) Obstructive 


JAUNDICE 
[of intraheptic ducts 


f Cholangitis 
[Stones 
I Abscesses 
[Tumors 


j Internal 
Obstruction 


[of extrahepatic ducts 


External 
[ Obstruction 


[ Stones 
I Spasm 
I Tumor 
[Parasites 

Glands 

Abscesses 

Pancreatitis 

Tumors 

(Carcinoma) 

(Sarcoma) 
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(2) Hepatitis 


| (a) Auto-intoxication 


[(1) Catarrhal jaundice 

(simple acute hepatitis) 
! (2) Acute atrophy of liver 
[(3) Cirrhosis 


(b) Infectious Diseases 


(1) Septicemia 

(Strepto-, Staphylococcic 
pyemia) 

(2) Scarlatina 

(3) Pneumonia 

(4) Typhoid fever 

(5) Weil’s disease 
(0) Syphilis 


1(c) Poisons to Liver Cells 


(1) Arsenic 

[(2) Fhospliorus, etc. 


(3) Hematogenous 


'(a) Congenital Hemolytic 

( Tolylendiaminc 
Unsaturated fat acids 
Bothrioccpbalus 

[(c) Pernicious Anemia 
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Chapter XI 


Urgent Surgery of the Spleen 

By Julius L, Spivacjc 

Conditions which demand urgent interference are: (A) Injuries of the 
spleen; (B) torsion of the splenic pedicle; (C) abscess of the spleen; and 
(D) cysts of the spleen. 

INJURIES OF THE SPLEEN 

Injuries of the spleen in the great majority of cases are traumatic in 
origin; however, sometimes, they are of a spontaneous nature. 

Traumatic injuries are divided into subcutaneous and open wounds. 
Subcutaneous injuries are those which occur without external signs of 
injury and may produce either contusion of the spleen or its rupture. 
Open injuries are those in which an open wound of the abdominal wall 
is present in addition to injury of the spleen. 

Subcutaneous Injuries 

This type of injury maj’ affect the parenchyma only, not affecting 
the capsule, and it is known then as contusion of the spleen; or it may 
also tear the capsule and produce more or less extensive damage to the 
parenchyma. This latter condition is known as rupture of the spleen. 

Etiology. Subcutaneous injuries occur in any age and in both sexes. 
In cases in which normal spleens are ruptured they are due mostly to 
automobile accidents and for this reason occur most frequently in per- 
sons who are subject to the hazards of everyday life. The«e accidents are 
also the reason for rupture occurring more frequently in the male be- 
tween the ages of 20 and 40. However, it may occur at any age. The 
youngest case reported was that of a newborn infant who was dropped 
on the floor immediately after delivery. 

In a pathologically altered spleen, which is observed in patients suf- 
fering from typhoid fever, relapsing fever, acute sepsis, splenic anemia 
and so on, it may be enlarged, the capsule tense and, therefore, the spleen 
can be ruptured easily even after insignificant external injury, such as a 
moderate blow on the left side or even on the right side. In countries 
with moderate climate where the inhabitants have normal spleens the 
latter rupture only uhen violent force is applied, such as occurs in 
automobile accidents, kicks by a horse, falls from great heights, power- 
ful blows, etc. 
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Incidence. Injuries of the spleen are not very frequent. According to 
L. T. Wright and A. Prigot, out of 20,000 cases of traumatic injuries ad- 
mitted to Harlem Hospital only thirty persons sustained injury to the 
spleen, which is in a ratio of 1 :GGG. 

However, if in case of injury an abdominal viscus is injured, the prob- 
ability that it will be the spleen is very great. As a matter of fact, it is 
involved more frequently than any other abdominal viscus; some au- 
thors claim that the spleen is injured in about 48 per cent of cases in 
which an abdominal viscus is injured; next in frequency is the liver, 
which is injured in about 29 per cent of cases, intestine in 18 per cent, 
mesentery in about 3 per cent and the pancreas in about 2 per cent. 
However, other statistics do not give such a high percentage for spleen 
injuries as compared with injuries of other abdominal organs. Lipkin, in 
his review of seventy-four cases of trauma of the abdomen, mentions 
that in fifty-five cases only one viscus was injured and in nineteen cases 
there were more than one viscus involved. Of the seventy-four cases of 
injury, the spleen was injured eighteen times, or 24 per cent, of which 
ten cases were isolated injuries and eight cases of combined injuries. 
According to his statistics, injuries of the bowel occupied the first place 
(twenty cases) and were followed in order of frequency by injury to the 
spleen (eighteen cases), kidney (eighteen cases), liver (nine cases) stom- 
ach (eight cases), diaphragm (six cases), urinary bladder (four cases), 
etc. 

Age. It occurs in any age, but most frequently in children up to the 
age of ten and, due to occupational hazards, in adults between the ages 
of twenty and thirty. About 30 per cent of all cases of injury to the 
spleen occurs in children before the age of ten, and in 20 per cent in 
adults between thirty and forty years of age. 

It may occur as an isolated injury or it may be associated with injury 
to other structures such as fractured ribs, ruptured liver, contused kid- 
ney, broken extremities, ruptured urinary bladder and so on. 

Pathology. Primary injury of the spleen may be grouped into three 
classes: 

1. Minor Superficial Capsular Rupture or Slight Parenchymal Con- 
tusion. In this type there are small tears in the capsule; the parenchyma 
is bruised in a slight degree. It may involve the convex or the concave 
surfaces. In case of injury to the convex surface the bleeding is insignifi- 
cant but it may be considerable if the concave surface is involved in the 
proximity of the large blood vessels or its branches. These injuries tend 
to heal spontaneously. 

2. Subcapsular Hematoma without Rupture of the Capsule. In this 
group the capsule is not ruptured. The parenchyma is injured first, pro- 
ducing hemorrhage; blood accumulates under the capsule; with further 
effusion of blood the hematoma enlarges increasing the tension of the 
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capsule. The increased mass of blood may remain stationary or break 
through the capsule, thus causing a severe hemorrhage, or it may de- 
stroy the parenchyma of the spleen producing a “blood cyst.” The latter 
has the appearance of a purple lump on the surface of the spleen. In 
exceptional cases the effused blood destroys all of the parenchyma and 
the entire spleen is a “blood cyst." Such a case was reported by Felix 
Lejars. 

3. Capsular and Parenchymal Rupture with Perisplenic Hematoma . 
This type is the most frequent and occurs at least in half of all cases of 
injury to the spleen. It may be of any size, shape and depth, and may 
be localized in any portion of the spleen. The blood escapes through the 
capsular opening into the free peritoneal cavity. One of the most fre- 
quent ways in which the hemorrhage stops spontaneously is by the 
omentum reaching the rent in the capsule and plugging it. 

Another possibility of preventing the escape of blood into the free 
peritoneal cavity is the location of the spleen in relation to the surround- 
ing structures. This relation permits the escape of blood from the intra- 
cap^ular to the extracapsular space, but prevents it from going freely 
into the free abdominal cavity and keeps it in a circumscribed position 
in the form of a perisplenic hematoma. This potential space is bounded 
on all sides by structures easily displaced, so that it can contain a great 
amount of blood. It is bounded above by the left half of the dome of the 
diaphragm, below by the splenic flexure of the colon and by the trans- 
verse mesocolon, medially by the stomach, laterally and behind by the 
left hypochondrium, and in front by the omentum and anterior ab- 
dominal wall. If the hematoma de%’eIops slowly, adhesions are formed 
between the omentum and stomach and between the omentum and 
anterior abdominal wall, while the coils of the small intestine and the 
portions of the transverse colon stick together in the vicinity of the 
hematoma. In this manner a fairly closed cavity is formed adjoining the 
spleen, «hich serves as a seat for the hematoma and prevents flooding 
of the general peritoneal cavity with blood. However, only in a few ca'-es 
does the hematoma reach a large size. 

The fate of this hematoma is as follows: (a) Complete absorption, 
(b) encystment. The peripheral part of it becomes fibrous and the 
center remains serous, sero a anguincous or sanguineous, (c) The serum 
is absorbed and the solid portion of the clot persists; it becomes progre-s- 
sively harder and finally is transformed into a mass of hard, greyish- 
white tissue which is described under the name of “fibrinous tumor of 
the spleen.” (d) Suppuration of the hematoma; this, however, is a rare 
complication, (e) Rupture of the capsule with ensuing hemorrhage. 

Symptomatology. Subcutaneous injury of the spleen docs not give 
any pathognomonic symptoms. In ca c e of slight injury it may never be 
detected and only while examining the abdomen for some other condi- 
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tions or at autopsy may one find a healed scar of the spleen. In case of 
severe injury of the spleen the patient may show symptoms of hemor- 
rhage and shock and may die before symptoms arise which will point to 
the real injury. 

If we exclude these two extremes, all cases of injury to the spleen will 
show symptoms either of shock or of hemorrhage in which there is 
nothing pathognomonic for spleen injury. Some of the symptoms become 
intensified and others make their appearance only after a few hours and 
even days which lead one to surmise that injury to the spleen hns taken 
place. The most conspicuous symptoms of a ruptured spleen are: 

1. Shock. This symptom is present quite frequently but not con- 
stantly. It is manifested by its usual signs: pallor, cold sweat, peculiar 
expression of the face, small and rapid pulse, rapid respiration, etc. 

2. Pain. This is quite a constant symptom although it is not always 
present. The pain is usually sharp and felt in the left upper quadrant, 
but it may be present also in any other region such as the epigastric, 
right hypochondric, umbilical or right or left iliac regions. In some cases 
the patients complain of pain in the left shoulder (ICehr’s sign). Qudnu 
attributes this sign to the irritation of the diaphragm by blood clots 
which transmit the irritation through the phrenic nerve to the shoulder 
region. 

3. Dyspnea is a frequent symptom. This may be due to diaphrag- 
matic irritation, to injury of the chest wall or to the loss of blood. 

4. Tenderness and rigidity of the abdominal muscles are usually early 
symptoms. Rigidity at first is localized, usually in the left upper quad- 
rant; later it becomes generalized and extremely pronounced and may 
actually reach a board-like degree. However, rigidity may be absent 
even in cases of a total rupture of the spleen; usually it is present in 
about hall ol all cases ol a ruptured spleen. 

5. Blood pressure and pulse pressure maybe normal or lowered. Almost 
80 per cent of patients with associated lesions show a lowered blood 
pressure and an accelerated pulse rate, whereas patients without asso- 
ciated lesions present in the majority of cases a normal blood pressure 
and normal pulse rate. This may serve as a valuable diagnostic point as 
to the extent of injury; in other words, it may help to decide whether or 
not associated injuries are present. 

6. The pulse is usually rapid and thready in the case of a massive 
hemorrhage; otherwise, it may be normal in character. 

7. Temperature is either normal or subnormal immediately following 
the injury; however, in a few hours it begins to rise and reaches mild 
febrile degrees. 

8. Percussion of the abdomen reveals in many cases Pitts’ and Bal- 
lance’s sign. This sign, described in 1896, is manifested by dullness in 
the left flank when the patient is turned on the right side and by sonority 
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of the right flank when the patient is turned on the left side. In other 
words, there is a dull region on the left flank which is established in a 
definite position. It consists of fixed clots of blood. Its presence is con- 
sidered as pathognomonic for splenic mptuie although its absence does 
not speak against rupture. 

9. Hemorrhage. This is a frequent symptom. The extent, site and 
nature of the rupture determines the amount of hemorrhage. In the 
majority of cases hemorrhage is moderate. In case of massive hemor- 
rhage the patient complains of vertigo and tinnitus aurium. The pulse 
is rapid and small, the respiration is superficial and the temperature is 
subnormal. The patient is pale; the extremities are cold and the skin is 
clammy and cold. 

When there is severe hemorrhage, death occurs within a few hours. 
Berger states, basing his statement on material of 467 collected cases, 
that in all instances of death due to hemorrhage 52 per cent died within 
one hour, 14 per cent from one to sixteen hours and the remaining 34 
per cent died from sixteen to twenty-four hours after injury. The reason 
why many patients survive the hemorrhage is the fact that the latter 
stops due to clotting, a drop in the blood pressure occurs and the ex- 
travasated blood acting as a tampon may encyst and compress the place 
of rupture. 

The hemorrhage may be interstitial, filling the place between the 
parenchyma, or it may be subcapsular. These two conditions are possible 
only when the capsule is not ruptured. Even when the capsule is rup- 
tured this does not mean that the blood will effuse into the free peri- 
toneal cavity; in ca c cs in which perisplenic adhesions were formed before 
the rupture, the blood may encyst there and compress the spleen. 

Finally, hemorrhage may stop soon after the injury and appear hours 
or days later. This symptom is known as delayed hemorrhage. Pitts and 
Ballance collected in 1896 seventeen cases of delayed hemorrhage. The 
longest time on record for delayed hemorrhage was nineteen days. The 
period between the time of injury and of hemorrhage is known as the 
latent period (Baudet). Different explanations were given for this phe- 
nomenon of delayed hemorrhage. When a contusion of the spleen is 
present, in which the capsule is intact, the blood accumulates within the 
capsule and the spleen enlarges in size; the capsule becomes tense and 
finally ruptures and the blood extravasates into the free peritoneal 
cavity; the blood within the spleen, which acted as a tampon, releases 
the pressure on the ruptured splenic vessels and an additional flow of 
blood ensues. 

If the capsule is ruptured at the time of injury, the omentum or a 
blood clot may plug the rent in the capsule and stop the hemorrhage. 
When the plug is dislodged, hemorrhage endues. 

VomUn s occurs from time to time but it is not a constant symptom. 
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Diagnosis. There are no pathognomonic signs of injury of the spleen 
and for this reason the diagnosis is not easy, particularly immediately 
after the injury. Associated lesions may obscure the signs and symptoms 
of a ruptured spleen. However, if there is a history of trauma, particu- 
larly in the splenic region, and symptoms showing injury to an abdomi- 
nal viscus and of internal hemorrhage, it is highly probable that the 
spleen is ruptured. The presence of Kehr’s and Ballance’s signs are 
highly suggestive of ruptured spleen, though their absence does not 
speak against it. All in all, the diagnosis is usually made correctly in 
about 80 per cent of all cases. 

Among the conditions from which ruptured spleen should be differ- 
entiated are the following: 

Contusion of the Abdominal Wall. It may give the same symptoms as 
splenic rupture. The points of differentiation are that the pulse rate, 
blood pressure and blood count remain normal in case of contusion. 

Fracture of the Ribs on the Left Side. Very often this is associated with 
ruptured spleen. An abdominal tap for blood may clear up the diagnosis. 

Perforated Peptic Ulcer. This is accompanied by more intense peri- 
tonitic phenomena and by frequent hematemesis. 

Other conditions in which a differentiation should be made are: 
ruptured kidney, acute pancreatitis, pneumonia, ruptured ectopic preg- 
nancy, acute cholecystitis, rupture of the liver and acute appendicitis. 

Course of the Injury. If the rupture is left to its own course, the 
mortality rate varies from 85 to 90 per cent. The prognosis is much 
better in children. 

Treatment. Surgical treatment is the only one advisable, because 
the mortality rate in conservative management ranges between 85 and 
90 per cent, while the mortality rate for operative treatment is approxi- 
mately 30 per cent. The operations employed are splenectomy, tampon- 
ade and the suture of the spleen. The operation of choice is splenectomy. 

Tamponade should be used only when splenectomy is contraindicated 
as, for instance, poor condition of the patient, inaccessibility of the 
spleen, adhesions between the spleen and diaphragm making the de- 
livery of the spleen difficult, etc. 

Splenorrhaphy may be employed only when there is a moderate degree 
of tear in the capsule with rather superficial penetration of the tear into 
the parenchyma. If, however, the injury of the parenchyma is deep, or 
if there are multiple injuries of the capsule and parenchyma, splenor- 
rhaphy is contraindicated. 

Preoperative management consists in the combating of shock. It is ad- 
visable to give a blood transfusion preopexatively. If no blood is availa- 
ble immediately, the intravenous injection of dextrose in Ringer's so- 
lution is an excellent procedure. Only after that should the operation be 
performed. It usually requires a few hours between the time the patient 
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is admitted to the hospital and the time of operation. The argument 
that there is no time for waiting, because the patient is bleeding, is not 
valid at least in 8G per cent, because 52 per cent of tho^e who die from 
hemorrhage succumb within the first hour after the accident and 34 per 
cent die between sixteen and twenty-four hours, thus leaving only 14 
per cent who die between one and sixteen hours after the accident, in 
which case the delay may be responsible for the fatal outcome. 

Spontaneous Rupture of the Spleen. Under this name are in- 
cluded those cases of rupture of the spleen without any visible cause 
such as a blow, fall, etc. They occur in pathologically changed and in 
overdistended spleens, which are to be found in malaria, relapsing fever, 
typhus fever, typhoid fever and in acute septic splenitis. However, cases 
arc reported in which spontaneous rupture of a normal spleen has oc- 
curred. Nevertheless, spontaneous rupture of the spleen is a rarity. 
Melchior, in 1911, collected twelve cases of spontaneous rupture of the 
spleen in typhoid fever. Leighton, in 1921, collected only seven! j’-three 
cases of spontaneous rupture of a malarial spleen. C. Zuckerman and 
Jacobi, in 1937, collected from an exhaustive stud}' twentj- cases of 
spontaneous rupture of a normal spleen. This occurs usually by straining 
or when the patient lifts a heavy object. The symptoms are identical 
with those of a subcutaneous rupture of the spleen. 

Open Wounds of the Spleen 

Open wounds of the spleen are either of a gunshot or of a stabbing 
variety. The first type occurs in nearly C per cent of all wounds of the 
abdominal viscera and the second type in about 2 per cent. The.-e in- 
juries may be isolated or they may involve other structures in the ab- 
dominal or chest cavities or in both. 

Due to the fact that in the case of inspiration the expanded lungs cover 
the upper two-thirds of the spleen and that the pleura covers either the 
entire or nearly the entire spleen, any injury to the spleen by an object, 
which entered from the chest wall, is bound to injure either the lung 
or the pleura. A great number of cases reported corroborate this point. 
Shaefer, in studying seventy-one cases of open wounds of the spleen, 
found only one instance in which it was of an isolated type. In the sta- 
tistics collected by Finkelstein only six out of sixty-one instances of open 
injuries to the spleen were isolated ease 1 *. Among the associated injuries 
which are encountered most frequently are tho«e of diaphragm and 
pleura, then of the stomach, liver and bowels. Because the stomach, 
splenic flexure of the transverse colon, left kidney, tail of the pancreas 
and diaphragm are situated clo«c to the spleen, it is only natural to ex- 
pect that injury to the spleen will often be associated with the injury to 
some of these structures. 

The gravity of the situation and the prognosis in each individual ca«=e 
depend on whether the injury is isolated or combined. 
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Symptomatology Is variable, depending on the presence of associated 
lesions and their degree of injury. In cases of severe intraperitoneal 
hemorrhage from the spleen, the loss of blood is most conspicuous. In 
cases of injury to the gastrointestinal tract with a moderate degree of 
hemorrhage, the symptoms of a ruptured viscus or of peritonitis are 
preeminent. Among the symptoms most frequently met with are pale- 
ness of the patient, accelerated pulse, muscular rigidity, vomitus and 
occasionally dullness in the left hypochondrium. These symptoms indi- 
cate an abdominal catastrophe. 

In a concomitant chest injury, hemopneumothorax wall take place 
very often and the patient will become dyspneic, cyanotic and restless. 
These latter symptoms may even obscure the abdominal symptoms, 
particularly W'hen the abdominal injury is confined to the spleen alone 
and is not accompanied by any severe form of hemorrhage. 

Treatment. Open wounds of the spleen always require surgical in- 
tervention. The method of approach may be either transpleural or trans- 
peritoneal. The transperitoneal approach gives a better exposure of the 
abdominal cavity and, therefore, should be preferred to the transpleural 
approach. The operations employed are splenectomy, splenorrhaphy and 
tamponade. Splenorrhaphy may be employed in stab wounds of the 
spleen; however, splenectomy is preferable. In any case, the mortality 
in open wounds is appalling. The mortality rate for combined injuries 
is between 60 and 90 per cent and for isolated cases it is about 50 per 
cent for gunshot wounds and 20 per cent for stab wounds. The immedi- 
ate cause of death is hemorrhage, heart failure and peritonitis. 

TORSION OF THE PEDICLE 

Not all displaced spleens require surgical treatment and fewer de- 
mand urgent surgical intervention. This is reserved for those cases only 
in which there is torsion of the splenic pedicle. If the spleen leaves its 
normal seat and descends downward, it is known as ectopic spleen; if 
it leaves its seat entirely in the left hypochondrium, it is known as 
wandering spleen. 

Etiology. Up to the year 1938, 103 cases of torsion of the splenic 
pedicle were reported and nearly all of them were in females; only eleven 
were encountered in males. The first report of torsion of the pedicle in 
a male was made in 1918 by Petridis. John E. Sutton, Jr., in 1925, re- 
ported the first case of a male operated upon in the United States. 

The underlying causes of splenoptosis are obscure. Some of the cases 
seem to be congenital and others acquired. The congenital factors are 
two: the length of the splenic pedicle and the conformation of the ab- 
dominal cavity. The latter consists of more shallow paravertebral niches 
so that it is easier for the spleen to prolapse. The fact that splenoptosis 
occurs most frequently in women leads to the belief that it may also 
be due to a relaxed abdominal wall. However, when we consider that 
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among the ninetj* odd cases more than twenty never bore children, that 
there are many cases in which general enteroptosis exists in which all 
the, viscera but the spleen were prolapsed, and that there is another 
group of cases in which only the spleen and no other viscera were pro- 
lapsed, we come to the conclusion that ectopy of the spleen is not due 
only to relaxation of the abdominal wall. Some authors believe that there 
is not a single factor which produces ectopy of the spleen but a combina- 
tion of factors, namely, congenitally elongated pedicle, tearing of the 
ligaments by trauma, traction of a diseased heavy spleen and relaxation 
of abdominal muscles. The pedicle may be of a great length; the longest 
described was ten inches. In about 67 per cent of all cases torsion oc- 
curred between the ages of twenty and forty, in 15 per cent before the 
age of twenty and in 18 per cent after the age of fortj*. 

Torsion of the splenic pedicle occurs in about 29 per cent of all 
ectopic spleens. Johnston collected 70S cases of splenectomy ; in 139 they 
were done for ectopic spleens, of which thirty-nine presented a twisted 
pedicle. This rotation may take place gradually or suddenly; it may turn 
around itself from one to four times. The blood circulation of the pedicle 
is partially or completely arrested and thrombosis of the splenic vein 
and its tributaries is common. The spleen becomes congested; very often 
infarction and hemorrhages, or gangrene ensue depending on the degree 
of vascular disturbances. 

Symptomatology. Torsion of the spleen occurs in one of three forms: 
acute, subacute and chronic. The symptoms will differ essentially de- 
pending on the type. 

Acute Torsion*. About 60 per cent of all cases are of the acute type; 
in one-third of these cases the symptoms will appear as from a clear sky; 
however, in two-thirds of the cases the patients will give a history of 
abdominal symptoms antedating the torsion and which may be ascribed 
to the splenic displacement. However, there are no symptoms patho- 
gnomonic of torsion of the pedicle; they are the symptoms of an acute 
condition of the abdomen, namely, pain, which is localized in the epi- 
gastrium or is generalized, nausea and vomitus, tenderness and rigidity. 
As the spleen very* often is di'splaced into the left, or even into the right 
lower quandrant, the location and character of the pain and tenderness 
resemble those of a twisted pedicle of an ovarian cj*st or of appendicitis. 

The temperature is either normal or slightly elevated; the pulse is 
rapid and there is a moderate leukocytosis. The abdomen is moderately 
distended. However, in about 8 per cent of all recorded cases the spleen 
actually compressed the entire lumen of the bowel and produced intesti- 
nal obstruction. Palpation reveals a mass in any part of the abdomen 
and, as a matter of fact, the mort frequent location is not in the left 
tipper quadrant as one may be inclined to believe. 

According to the statistics collected by Irvin Abell, out of eighty-five 
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cases the spleen was found in the pelvis and lower abdomen thirteen 
times, in the pelvis alone ten times, in the right lower quadrant nine 
times, in the left lower quadrant eight times, in the left upper quadrant 
seven times, in the epigastrium twee, etc. 

When occupying a pelvo-abdominal or pelvic position, the spleen may 
be wedged between the urinary bladder and the uterus and produce 
symptoms of retroversion of the uterus and of urinary bladder irritation. 

Subacute Torsion. This type is characterized by repeated attacks 
of pain and tenderness of lesser severity, separated by periods without 
any symptoms. During the attack the spleen may be palpable. 

Chronic Torsion. Chronic torsion takes place gradually. There is 
no complete strangulation of the blood vessels. The spleen becomes en- 
larged and tender by palpation. Accordingly, the symptoms develop 
gradually. 

Diagnosis. As there are no symptoms pathognomonic of torsion of 
the splenic pedicle, the diagnosis is very difficult and, with very few 
exceptions, no correct diagnosis has been made prior to operation. If 
there is a history of a wandering spleen, of attacks which previously 
took place, and if a mass is palpable which can be replaced into the left 
hypochondrium, or if a notch between the convex and the concave sur- 
faces of the mass is discernible, indicating the presence of the spleen, a 
correct diagnosis can be made. In many instances a diagnosis has been 
made of a twisted ovarian cyst, kinked hydronephrosis, intestinal ob- 
struction, perforated gastric or duodenal ulcer, peritonitis and tumor of 
the kidney. Some of the conditions can be differentiated from torsion of 
the pedicle such as perforated gastric or duodenal ulcer by the presence 
of air bubbles, as detected fluoro^copically, or tumor of the kidney by 
lack of mobility of the mass and the presence of urinary symptoms. 
However, in many cases the differential diagnosis Is impossible. Out of 
ninety-seven cases of torsion of the splenic pedicle, as collected by Abell, 
only in nineteen was a correct preoperative diagnosis made. In the re- 
mainder of the cases other organs were blamed or the diagnosis of “acute 
abdomen” was made. The erroneous diagnosis of ovarian cyst was made 
most frequently, then in their order of frequency appendicitis, intestinal 
obstruction, peritonitis, perforated gastric or duodenal ulcer and floating 
kidney. 

Treatment. Two procedures are available for torsion of the spleen. 
The operation of choice is splenectomy. Another procedure occasionally 
employed is splenopexy with preliminary detorsion of the splenic pedicle. 
Seven cases of detorsion alone were reported and in two of these cases 
recurrences took place. The mortality is high and depends on the compli- 
cations present and the time of operation. In Johnston's series of thirty- 
six cases in which the patients were operated upon the mortality rate 
was 26 per cent. 
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Splenectomy is the better method because, due to torsion and to fre- 
quent thrombosis of the splenic vessels, the spleen is considerably dam- 
aged and there is no good reason for leaving it. The insecurity of the 
normal position of spleens which are inherently ectopic, and the fact 
that there are no known methods which will prevent torsion, speak 
against conservative methods. On the other hand, the ease with which 
other tissues rich in reticulo-endothelial cells compensate for the re- 
moved spleen invalidates any objection to the lo^s of its function, 

ABSCESS OF THE SPLEEN 

Abscess of the spleen is considered a rarity although some investi- 
gators are of the opinion that it occurs more frequently than some be- 
lieve but that it is not recognized. Grand-Moursel, in 1885, collected 
fifty-seven cases, Kfittner, in 1907, 116 cases, Wallace in 1922, more than 
100 cases. A. E. Billings reports that out of 3,600 autopsies thirty cases 
of abscess of the spleen were found or an incidence of 0.4 per cent. It may 
be of primary or of metastatic origin. As a primary lesion it is very rare, 
much rarer than the metastatic type. If it is of the latter class, the 
abscess may come from any organ situated close to or at a distance from 
the spleen. 

Etiology. Abscesses of the spleen usually have a secondary origin 
although occasionally they may have a primary origin. The source of 
infection in the case of metastatic origin may be in a neighboring organ 
or in a distant part of the body. Elting states that almost all pathogenic 
bacteria, except gonococci, were isolated from a splenic abscess. The 
Bacillus typhosus, streptococcus, staphylococcus aureus, Bacillus coli 
communis and pneumococcus are found most frequently. The infection 
usually enters through a blood 6tream or by virtue of its close relation- 
ship to a neighboring viscus, such as the stomach or the liver. 

Pathology. All abscesses of embolic origin and a majority of those 
of traumatic origin are situated intracapsulary. For this reason the 
spleen is movable until the abscess reaches and then penetrates the cap- 
sule, at which time the spleen becomes adherent to the surrounding vis- 
cera or to the diaphragm. If the abscess is located in the upper pole and 
perforates, it forms a subdiaphragmatic abscess; if it is located in the 
lower pole and perforates, it produces general peritonitis. Occasionally, 
the splenic abscess perforates into the stomach, the intestine or through 
the diaphragm into the pleural cavity, or outward through the abdomi- 
nal wall. 

The abscesses are usually multiple although they may be single. In 
about 80 per cent of all cases the splenic abscess originates from an 
abscess in another viscus. It is extremely important to bear this fact in 
mind when selecting the proper cases for surgical interference as it has 
considerable bearing on the prognosis. 
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Symptomatology. The symptoms may be acute, subacute or chronic. 
These vary greatly depending upon ■whether the abscess is of primary 
or of metastatic origin, whether it is situated deep in the splenic tissues 
or has broken through the capsule, whether it lies in the upper or in the 
lower pole and upon the character of the bacterial flora. 

There are general symptoms of infection, such as elevated tempera- 
ture, chills and sweats, accelerated pulse and leukocytosis, and localized 
symptoms, such as pain, tenderness and rigidity in the left hypochon- 
drium. If the abscess is located centrally, far away from the capsule, the 
pain may be absent; if the abscess is situated in the upper pole and 
breaks through the capsule and irritates the diaphragm, pain will be 
present in the left shoulder (Kehr’s sign). This sign has great diagnostic 
significance. In such a case the abscess may push the spleen downward 
and the left side of the diaphragm upward. This can be demonstrated 
by x-ray. In general, an abscess at the upper pole gives signs of thoracic 
irritation, whereas an abscess at the lower pole gives signs of abdominal 
irritation. Exploratory aspiration when positive is of the greatest im- 
portance, although a negative result does not rule out an abscess. How- 
ever, I do not believe that this procedure should be carried out because 
it is fraught with danger. A needle, contaminated by the contents of the 
abscess, may infect the pleural cavity if the needle made its way to the 
abdomen through the pleural cavity. 

Diagnosis is a difficult one. One has to differentiate from other condi- 
tions which are manifested by splenic enlargement and give at the same 
time general systemic reaction indicating the presence of a general in- 
fection. Differentiation must also be made from other conditions, such as 
abscess of the liver, subphrenic abscess, nephritic abscess and empyema. 

Treatment. The mortality in surgically treated patients depends on 
many factors: Whether the spleen is movable or adherent, the general 
condition of the patient, the type of infection which produced the 
abscess, and so on. For all cases, the surgical mortality is about 20 
per cent, ranging from 9 to 38 per cent, according to different authors, 
whereas the mortality for medically treated patients before the advent 
of sulfa drugs and penicillin has been about 80 per cent. Undoubtedly 
penicillin and sulfa drugs will lower the mortality. 

If the abscess is of pyemic origin and the patient shows grave symp- 
toms due to the original disease, surgical interference will be accom- 
panied by a very high mortality. In other words, only those patients 
should be operated upon who are fairly good surgical risks. The opera- 
tions employed are splenotomy and splenectomy. 

Splenotomy in this particular type of case is actual drainage of the 
abscess. It is easier to perform than splenectomy, although the mortality 
rate is about as high as that in cases of splenectomy. In case of splenot- 
omy the approach may be: 
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(a) Abdominal. This provides a good approach. The only objection 
is the possibility o! infection of the general peritoneal cavity. 

(b) Transpleural — transdiaphragmatic route. This approach may be 
carried out for such cases in which there is a subdiapbragmatic abscess. 
The operation is performed in two stages. The advantage in this method 
is the excellent approach to the upper pole and to the subdiaphragmatic 
space. The weak feature of tins method is the possibility of contaminat- 
ing the pleural cavity. 

(c) Posterior approach through the diaphragm below the pleural sinus 
is possible only for exposure of subdiapbragmatic abscess but not for 
splenectomy. 

The operative technic of these procedures is described below. 

CYSTS OF THE SPLEEN 

Cysts of the spleen are rather infrequent. They are far less frequent 
than those occurring in the ovary, kidney or liver. These cysts are either 
parasitic — echinococcal cysts — or nonparasitic. The parasitic cysts occur 
twice as frequently as nonparasitic cysts. The latter, up to January, 
1939, numbered only 137 reported cases. 

Nonparasitic cysts. Nonparasitic cysts include a large number with 
varied contents, size, cell lining and mode of origin. They have been 
designated as true and false: the former have a cellular lining; false 
cysts occur four times as frequently as true cysts. 

From the standpoint of contents they are subdivided into hemorrhagic 
and serous or lymphatic. The hemorrhagic type occurs nearly two and 
one-half times as frequently as lymphatic cysts. 

Cysts occur more frequently in females (3:2) and nearly 75 per cent 
occur between the ages of 10 and 50, whereas only 10 per cent occur 
under the age of 10 and 15 per cent above the age of 50. 

As antecedent diseases, trauma was present in 23 per cent and ma- 
laria in 74 per cent. In most of the cases cysts are solitary. 

Symptomatology. As there are no apparent functions of an adult 
spleen, there are no symptoms which are the direct result of the involve- 
ment of the splenic tissue. The appearance of symptoms depends on the 
size of the cyst. If the cyst is large, symptoms of pressure appear. These 
symptoms vary depending on the structure that it compresses. In ad- 
dition, direct results of pressure may contribute to formation of adhe- 
sion, which in their turn may produce new symptoms. If symptoms arc 
present the chief one is pain. It is either a dragging or a feeling of heavi- 
ness and is located either in the left hypochondrium or in the epigastrium. 
However, in some cases in which the spleen is displaced the pain may 
be felt in the region where the bulk of the spleen is located. 

Digestive disturbances may appear in the case of abdominal pressure; 
obstructive symptoms may be present in the case of pressure on the 
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bowel, and dyspnea, if the pressure is exerted on the diaphragm. The 
same pressure on the diaphragm produces circulatory disturbances. 

Inspection may reveal a swelling of the abdomen, either in the left 
hypochondrium or in any other portion. Palpation may reveal a tumor 
extending from the left costal arch medialward to the midline or even 
beyond, to the right and below to the navel or beneath it, depending on 
the size of the cyst. This mass may be either movable or fixed. Fluctu- 
ation may be present but quite often it is absent. Ascites usually is not 
present. 

The diagnosis depends upon the physical examination and roent- 
genologic evidence. That the diagnosis is difficult may be attested by 
the fact that a correct diagnosis is seldom made. If a tumor is palpated 
in the left hypochondrium and is located rather superficially, a tumor 
of the spleen should be suspected; if the tumor lies deeper, one may 
suspect a tumor of the left kidney. If a notch is felt, it is definite that 
the viscus is the spleen. If the tumor fluctuates, this reveals the cystic 
nature of the tumor. The cyst of the spleen also should be differentiated 
from those of the omentum, pancreas, mesentery and left lobe of the 
liver. If the spleen is misplaced into the pelvis, the spleen may be mis- 
taken for an ovarian cyst or floating kidney. X-ray diagnosis is of great 
diagnostic aid. Benton called attention to the fact that the x-ray shows 
the displacement of the lower third of the esophagus and the stomach 
to the right and the downward displacement of the splenic flexure of 
the colon. He was the first to show that these organs come to their nor- 
mal position after splenectomy has been performed. Benton considers 
this downward displacement of the splenic flexure of the colon as almost 
pathognomonic for large cysts of the spleen. In addition to the picture 
shown by Benton, one can see on the x-ray film that in cases of large 
tumors the diaphragm is elevated on the left side by the growth, the 
left lower ribs bulge, the psoas muscle shadow is obliterated and fre- 
quently there is a downward displacement of the left kidney. Ostro and 
Makover noted that if the splenic enlargment is due to myeloid leu- 
kemia, elevation of the diaphragm, spreading of the ribs and obliteration 
of the psoas shadow do not occur. Their interpretation is that in case of 
splenic myeloid leukemia the growth of the spleen is downward and 
forward and the growth in this direction does not produce the above 
enumerated pressure effects. 

After the diagnosis of cyst has been made, one has to decide whether 
it is parasitic or not. In the case of a parasitic cyst it is echinococcal. 
The diagnosis can be made before the operation, by employing the Casoni 
reaction or Weinberg reaction, or at the time of operation when, after 
the abdomen is opened, the echinococcal cyst is differentiated from a 
non-parasitic cyst by its characteristic appearance: It is usually elon- 
gated or pointed and springs from the lower pole. 
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Treatment. Methods of treatment are the following: (a) Splenectomy 
(b) excision of the cyst and (c) incision and drainage. 

Splenectomy is the operation of choice; however, its execution is often 
precluded because of the strong adhesions present. 

Incision and drainage may be done either as a one-stage or as a two- 
stage operation. In the latter, the first stage is confined to laparotomy 
and to bringing the spleen to the abdominal wall so as to produce ad- 
hesions between the parietal peritoneum and the spleen beyond the cyst 
so that the portion of the spleen with the cyst becomes extraperitonized. 
The second stage consists in the opening and draining of the cyst by a 
gauze roll and the ends of the tampon are brought outside. However, in 
case of an echinococcus cyst one should be extremely careful not to con- 
taminate the peritoneal cavity by the contents of the cyst. For this 
reason it is advisable, in addition to walling off the cyst from the rest of 
peritoneal cavity and to aspirating the contents of the cyst, to inject 
into the cyst (after it has been emptied by aspiration) 300 to 400 cc. of 
formol (depending on the size of the cyst) and to leave it there for three 
to five minutes in order to kill the scolices. 

Excision or enucleation of the cyst was recorded only in a few cases. 
This procedure is fraught with the danger of hemorrhage. In the few 
successfully performed cases the surgeons placed a series of interrupted 
sutures around the cyst before it was excised. However, we do not ad- 
vise this method. Multiple cysts, lymphangiectasis and polycystic de- 
generation should be treated by splenectomy as the first choice. 

The mortality in cases reported proved to be lower when splenecto- 
mies were performed. 

Operative Technic 

The spleen is exposed by one of several incisions, depending on 
whether the approach is abdominal, transpleural, subpleural or trans- 
peritoneal. In case of a transperitoneal abdominal approach, the follow- 
ing incisions are used. 

(a) Left midrectus (Fig. 37, B). This incision is carried along the mid- 
dle of the left musculus rectus abdominis, storting from the costal arch 
and reaching the level of the umbilicus. 

(b) Left midrectus with addition of a transverse incision. The vertical 
portion of the incision is carried out as in the previous incision and the 
transverse incision is done perpendicularly to the first one at the level 
of the cartilage of the ninth rib. 

(c) Left subcostal (Fig. 37, A). This incision runs parallel to the left 
costal arch starting at the point of junction of the seventh costal carti- 
lage with the sternum and runs until it reaches slightly lateral to the 
left border of the left musculus rectus. 
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The incisions (a) and (b), are sufficient for splenotomy and spleno- 
pexy and in some cases for splenectomy. The incision, (c), should be 
used for those cases of splenectomy in which the spleen lies high and 
deep and is not easily accessible. 

In case of a transpleural approach, which may be used only for drain- 
age of a splenic abscess, the incision is made in the following manner: 

Stage I: Step 1. The skin incision starts along the eighth or ninth rib 
from the posterior axillary line and runs forward until the cartilage of 
this rib is reached. 

Step 2. The eighth and ninth ribs are resected subperiosteally for a 
distance of four inches each and the pleural sinus is exposed at the level 
of the eighth rib. 

Step 3. The costal pleura is sutured to the diaphragmatic pleura in a 
circular manner. 

Stage II. This is done several days later. 

Step 1. The skin is reopened. 

Step 2. The periosteum of the ninth rib, the endothoracic fascia, the 
costal pleura, the diaphragmatic pleura, the fascia covering the thoracic 
surface of the diaphragm, the muscular part of the diaphragm, the ab- 
dominal side of the diaphragmatic fascia and the parietal peritoneum 
covering the diaphragm are opened and the abdomen is entered. Thus, 
the opening is made below the suture line which united the costal to the 
diaphragmatic pleura in the first stage of the operation. 

This approach was first described and used by Trendelenburg in 1883. 
However, it may be used only when the pleura is already involved; other- 
wise, if one decides to use the transthoracic approach, it should be 
subpleural. The approach may be either anterior or posterior. For access 
to the spleen the anterior approach is used more frequently. It was in- 
troduced by Lannelongue in 1887 and modified by Canniot in 1891. The 
incision is carried out in the following manner: 

Step 1. The skin incision starts 3 cm. lateral to the ensiform process 
and 2 cm. below the costal arch. It is carried out laterally as far as the 
bony portion of the tenth rib, which corresponds on the surface marking 
to the middle axillary line. The skin and superficial and deep fascia are 
incised; the musculi rectus, obliquus abdominis externus and internus 
are cut, and the costal arch is raised. The attachment of the transversus 
abdominis muscle and the diaphragmatic muscle are carefully detached 
from the cartilages of the arch. Do not separate the fibers of these 
muscles from the bony portions of the ribs, since the pleura and the 
pericardium may be opened. 

Step 2. The cartilages of the eighth and ninth ribs are resected. This 
will expose a space in which will be seen the fibers of the interna! oblique 
muscle, transversus abdominis muscle and the diaphragm. 
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Splenotomy (Fig. 155). 

The term consists of two Greek words <rv\ny spleen, and ripvnr to 
cut. It signifies an incision of the spleen. 

Indications. This operation is done either for evacuating an abscess 
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or a large single cyst. If abscesses are multiple or if numerous cysts are 
present, splenectomy is indicated. The operation may be done either as 
a one-stage or as a two-stage operation. In the case of a one-stage opera- 
tion the technic is as follows: 

Step 1. The abdomen is opened by one of the incisions mentioned 
above. 

Step 2. The spleen is exposed and “walled off” from the rest of the 
peritoneal cavity by two rolls of gauze, one end of which leaves the 
abdominal cavity through the upper end and the other through the 
lower end of the abdominal wound. Exploratory puncture by a needle 
is made to ascertain the exact location of the abscess. If pus is found, 
an incision through the capsule is made and the pus is evacuated. A roll 
of gauze is introduced into the abscess cavity and the end of the gauze 
is brought outside the abdominal cavity. The abdomen is closed in 
layers; an opening is left at the upper and lower angles of the wound 
for the ends of the gauze rolls. 

Three or four days later the two rolls of gauze which “walled off” the 
spleen from the rest of the peritoneal cavity are removed. A few days 
after removal of the “walling off” gauze the roll of gauze which was in- 
serted into the abscess cavity is removed. 

Splenorrhaphy (Fig. 156) 

This method consists of suturing the spleen and is applicable only 
when there is but one wound present which is not large. If the wounds 
are multiple or if it is difficult to stop the bleeding, splenectomy should 
be performed. 

Technic. 

Step 1. The abdomen is opened and the spleen is exposed. 

Step 2. A large piece of omentum is excised and tucked snugly into the 
open wound of the spleen. This will act not only as a tampon but as an 
active coagulant. The edges of the capsule of the spleen are sutured to 
each other with heavy catgut over the tucked piece of omentum (Fig. 
156). 

* Splenopexy 

This operation consists in the fixation of the spleen to the anterior 
abdominal wall. It is done in some cases of a movable spleen in which 
there is no torsion of the pedicle, and it may be done occasionally in 
cases of torsion of the pedicle in which the blood vessels are not throm- 
bosed. However, in cases of torsion of the pedicle, whenever possible, 
splenectomy should be preferred to any other procedure. Among other 
conditions for which this operation is indicated we may mention ascites 
due to cirrhosis of the liver. The fixation may be either intraperitoneal 
or extraperitoneal or combined intra-and-extraperitoneal. 
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The first splenopexy was performed by Tuffier in 1882. Since that time 
several methods have been employed. 



Fjo. 156. Sp!enorrh8ph3\ 


Kouwer Method 

This method consists of fixation of the spleen to the diaphragm by 
forming adhesions between these two structures. In order to accomplish 
it, Kouwer placed rolls of gauze between the upper and lower poles of 
the spleen and the diaphragm; the ends of the rolls are brought outside 
the abdominal cavity. The spleen is allowed to drop back into its normal 
position; thus, adhesions are formed between the concave surface of the 
spleen and the diaphragm. In three or four days the rolls of gauze arc 
removed. Some surgeons rub the convex surface of the spleen and the 
concave surface of the diaphragm before placing the rolls of gauze. 
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Rydygier Method 

Step 1. The abdomen is opened by a longitudinal incision in the left 
hypochondrium (Fig. 157, A). 

Step 2. A slightly convex incision running Jaterahvard and upward 
(Fig. 157, B), the length of which is equal to the width of the spleen, is 



Fia. 157. Splenopexy (Rydygier method). A, Abdominal incision. 
13. Incision of parietal peritoneum. 


made on the inner surface of the thoraco-abdominal wall extending from 
the eleventh to the ninth ribs. The peritoneum of the lower lip is sepa- 
rated by the finger from the superimposed soft tissues, so that a pocket 
is formed with its bottom directed downward (Fig. 158 C). The lower 
pole of the spleen is placed in this pocket. In order to prevent further 
separation of the peritoneum from the superimposed structures of the 
pocket by the lower pole of the spleen, the peritoneum is sutured to the 




Fig 15S. Splenopexy (Ryd)gier method). C Blunt di»*ecti«n of parietal peritoneum 
from the lateral abdominal wall making an rxtraperitoneal poekrt. D. Placing the lower 
pole of the spleen into cxtraperilonesl pocket. A series of interrupted sutures joining the 
peritoneum to the adjacent structures ju't below the tower pole prevents separation of the 
parietal peritoneum in a downward direction. 
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superficial structures by a series of interrupted sutures, approximately 
half an inch away from the distal end of the bottom of thejiocket (Fig. 
158, D). 

Step 3. The upper lip of the peritoneum is undermined from the muscle 
cf the diaphragm so a* 5 to form an upper pocket into which the upper pole 
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Step 2. A bite is taken through the entire thickness of the abdominal 
wall, except the skin, of one iip; the needle then punctures the spleen 
penetrating not only the capsule but also some portion of the paren- 
chyma and then the entire thickness of the abdominal wall, except the 
skin, of the other lip. The number of sutures depends upon the size of the 
spleen. These sutures are not tied at this time. 

Step 3. All thickness of the abdominal wah except the skin are sutured 
in layers. 

Step 4. The ends of the splenopexy sutures are tied. 

Step S. The skin is closed. 

Bardenheuer Method of Splenopexy 

This method, as introduced by Bardenheuer, was described by one of 
his associates, PlOcker, in 1895. This procedure is characterized by 
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placing the spleen extraperitoneally, attaching the hilura to the peri- 
toneum and fixing the lower pole to the tenth rib. 

Step 1. The abdomen is opened by an incision, starting at the left mid- 
axillary line just above the crest of the ileum and extending in an up- 
ward direction for four inches until the tenth left rib is almost reached. 



Fig. 161. Splenopexy by Bardenhcuer method. (From Julius L. Spivack’s “The Surgi- 
cal Technic ol Abdominal Operations,” 4th edition 1946. Courtesy of Charles C Thomas, 
Publisher, Springfield, Illinois.) 


Another incision is made starting at the upper end of the previous 
incision and running laterally perpendicular to the first one. The length 
of the second incision is also four inches. The entire thickness of the 
flap thus formed is cut down to the peritoneum, nhich is not yet opened. 
This musculocutaneous flap is reflected (Fig. 160). 

Step 2. The exposed peritoneum is separated from the superimposed 
soft tissues as far as possible upward and downward (Fig. 160). A small 
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incision is made through the peritoneum, just large enough to draw the 
spleen outside of the abdominal cavity (Fig. 161). The spleen is placed 
extraperitoneally in the sac thus formed. The slit in the peritoneum is 
sutured to the gastrosplenic ligament. 

Step 3. A silkworm-gut thread is passed around the tenth rib (which 
is freely exposed for this purpose) and then through the lower pole of 
the spleen (Fig. 101). The ends of the thread are not tied for the time 
being. A series of interrupted sutures are inserted betw een the lowermost 
part of the separated peritoneum and the superimposed structures, so 
as to prevent separation of the peritoneum from these structures in a 
downward direction, thereby preventing a downward slipping of the 
lower pole of the spleen. The long ends of the silkworm-gut thread, 
which fixed the lower pole of the spleen to the tenth rib, are now tied 
and the ends are cut short. 

Schiassi Method of Splenopexy 
(Splenocleisis) 

This method consists of producing extensive adhesions between the 
spleen and surrounding structures, including the anterior abdominal 
wall. By thus fixing the spleen to the anterior abdominal wall the 
method becomes that of splenopexy, which prevents reappearance of a 
movable spleen with all the dangers which may come from it. However, 
this method is more than a mere splenopexy. A thick capsule is formed 
around the spleen which compresses that organ, thus diminishing the 
amount of blood passing through the spleen and increasing the degree 
of anastomosis of the veins between the portal and systemic venous 
systems. This method can be used as a substitute for splenectomy in 
cases in which the latter is hazardous. It is, indeed, the substitution of a 
physiological for a mechanical splenectomy. 

Step 1. The abdomen is opened by a left subcostal incision starting 
at the midline and running parallel to and two fingers below the left 
costa} arch until the left midaxihary line is reached. 

Step 2. A roll of gauze is placed behind and below the lower pole of 
the spleen, another medial to the hilum, a third lateral to the lateral 
border, a fourth above and behind the upper pole, a fifth and sixth 
between the anterolateral and anteromedial surfaces of the spleen and 
the anterior abdominal wall. The ends of these rolls are brought out- 
side the abdominal wound through the upper and lower angles. The 
anterior surface of the spleen is scarified 

Step 3. The abdominal wall is closed in layers. 

On the fifth day the roll above the upper pole is removed and at each 
follow ing day another roll of gauze is removed. Finally, the last roll is 
removed from the lower pole. 
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Splenectomy 

This operation is performed for different conditions. In urgent surgery 
it is done in case of rupture of the spleen, torsion of the pedicle in case 
of wandering spleen, in some cases of abscess of the spleen and at times 
for cysts of the spleen. This operation, from the technical point of view, 
may be very' simple when the pedicle is long, the spleen movable and 
no adhesions are present. However, in cases in which extensive adhe- 
sions are present, the operation may offer insurmountable difficulties. 

There are two methods used in removing the spleen, namely, either 
to start with separation of the spleen from the diaphragm, with ligation 
of the pedicle as the last step of the operation, or to start the operation 
with ligation of the pedicle first, and separation of the spleen from the 
diaphragm as the last step. 

Each operative step has its advantages and disadvantages depending 
on the circumstances. In most instances it is more advantageous first 
to separate the spleen from the diaphragm, deliver it outside of the 
abdomen as much as possible and then only ligate the pedicle. 

Technic. Step 1. The abdomen is opened by one of the incisions previ- 
ously described. 

Step 2. The right hand is introduced into the abdominal cavity, 
placed between the spleen and diaphragm and the spleen is lifted from 
the diaphragm (Fig. 162, B). Immediately after the spleen is lifted, large 
packs of moist gauze arc placed on the exposed bed of the spleen, thus 
checking the oozing from the diaphragm. 

Step 3. The gastrosplenic ligament above the pedicle is divided be- 
tween clamps, care being taken not to injure the fundus of the stomach 
which lies very clo«e to the spleen (Fig. 162, C). 

Step 4. Ligation of the pedicle may be done either "en masse” or in 
sections. The latter Is more difficult. For less experienced surgeons liga- 
tion “en masse” is less dangerous. In this method three large curved 
artery forceps clamp the pedicle (Fig. 163, E), which is then cut be- 
tween the clamp closest to the spleen and the middle clanip. In this 
manner, two clamps safeguard against hemorrhage from the splenic 
artery' and one from the splenic vein. The stump is ligated twice with a 
double strand of No. 2 chromic catgut. 

Before clamping the splenic pedicle one should obtain a clear view of 
it posteriorly, since not infrequently* the tail of the pancreas reaches 
nearly* to the hilum of the spleen and may be adherent to the splenic 
pedicle. By clamping the pedicle without previous separation from the 
tail, part of the pancreas may be caught in the clamp. 

Step S. All additional ligaments connecting the spleen with the sur- 
rounding structures should be cut between two clamps and carefully 
ligated. 
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Step 6. The moist pack is removed from the splenic bed of the 
diaphragm. 

Step 7. The abdomen is closed in layers without drainage. 

In cases in which the splenectomy is done by ligating the splenic 
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composed of two or three branches and the}- mn below the arterial 
branches. Due to this arrangement (two arterial branches, several ven- 
ous tributaries), tbe ligation of individual branches is not a simple pro- 
cedure, particularly so when the exposure is not good. For this reason 
we advise the ligation of the stump “en masse." The technic then is as 
follows: 

Step 1. The abdomen is opened. 

Step 2. The spleen is pushed laterally, so as to expose the gastro- 
splenic ligament above the pedicle. The stomach is grasped and pulled 
medialward, uhich expo c es the gastrosplenic ligament still more, and 
this ligament is divided between two clamps. 

Step 3. The finger is introduced through the opening formed in Step 2 
between the spleen and the stomach and slipped behind the pedicle. 
The finger should follow tbe pedicle closely; in this manner the pedicle 
will lie in front of the finger and the tail of the pancreas behind it. 
The pedicle is ligated either sectional!}- or “en masse.” 

Step 4. The spleen is separated from the diaphragm and removed. 

Step 5. The abdomen is closed in layers. 
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Appendicitis 

By Julius L. Spivack 

Acute appendicitis is the abdominal condition that the surgeon is con- 
fronted with most frequently and comprises about one-third to one-half 
of all acute abdominal conditions. Its occurrence varies in different 
countries. Thus, in Sweden it occurs in 3 out of 1000 persons, in Ger- 
many in 3| out of 1000 persons, in the United States in 5| out of 1000 
persons. One can have a clear conception of the frequency of this dis- 
ease by stating that every minute one operation for acute appendicitis 
is performed in the United States. The mortality of acute appendicitis 
is very high and in spite of improved diagnosis and technic the mor- 
tality rate is not decreasing. In the United States in 1935, 10,142 per- 
sons died from appendicitis and it was the eleventh leading cause of 
death. In 1936, in the United States 16,480 persons died or 12.8 per 
100,000. In this country one man dies from appendicitis every twenty- 
nine minutes. 

Surgical Anatomy. The point of origin of the appendix from the 
cecum is not constant. It may be found at almost anj T point of the cecal 
pouch. However, it is found most frequently at two points: (a) on the 
posterior cecal wall, slightly below the ileocecal junction, and (b) on 
the anterior cecal wall at its lowermost portion. The first position is 
found in about 90 per cent of the cases. The appendix may lie in front 
and medial to the cecum; it may lie below or retrocecally. When it is 
retrocecal, the appendix may lie behind the parietal peritoneum or intra- 
peritoneally. In exceptionally rare cases, it lies plastered against the 
posterior cecal wall behind the visceral peritoneum. It may also lie 
close to the psoas or to the iliacus muscle* against the right ureter* iliac 
vessels or pelvic wall. 

Position op the Appendix (Fig. 164). The most frequent position of 
the appendix in an adult is behind the mesial portion of the cecum and 
it is often partially covered by the terminal portion of the ileum. 

The second most frequent position is that in which the appendix lies 
lateral to the cecum and ascending colon, and the third position is one 
in which the appendix is in the pelvis. To these normally situated posi- 
tions of the appendix may be added such in which it lies in abnormal 
positrons. An appendix has been found to reach the front of the sacrum, 
the left pelvic wall and the left psoas muscle, resting on the lumbar 
vertebrae. The appendix together with the cecum has been found in the 
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left iliac fossa not as a case of situs inversus but due to an unusually 
long mesocecum and mesocolon which shifted the cecum with the ap- 
pendix to the left side and became fixed there. The appendix has also 
been found in inguinal, femoral and umbilical herniae, in the foramen of 
Winslow and on the anterior stomach wall. All these conditions are due 
to the mobility of the cecum or of the colon ascendens. There are cases 



Fio. 1C4, Various positions of the appendix. A. Positions of the appendix 
behind the cecum and parietal peritoneum. B. Positions of the appendix 
behind the cecum but in front of parietal peritoneum. C. Positions of the 
appendix lying free in the peritoneal cavity. 

in which the appendix occupies unusual positions due to arrested fetal 
development: the appendix is found in the splenic region and under the 
liver at the right hepatic flexure of the colon. In addition to these cases 
the appendix may lie in the left iliac fossa as a feature of situs inversus. 

Size op the Appendix. The size of the appendix varies. The average 
size is about 9 cm. (3| inches) long; however, cases have been described 
as small as 2 mm. (1/13 of an inch) and as large as 33 cm. (12 7/8 
inches). The lumen of the appendix averages 6 mm. and the thickness 
of its wall averages from 1 to 2f mm. 
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cases appendicitis may be due not to an infectious origin but to vascular 
occlusion and the inflammation appears as a secondary’ feature. From 
the morphologic picture, acute appendicitis may be subdivided into the 
following groups: 

(A) Catarrhal. In. this type only the portion of the mucosa is af- 
fected. It may subside very soon or may spread into the deeper struc- 
tures of the appendiceal wall and develop into one of the other forms. 

(B) Phlegmonous. In this kind of acute appendicitis the inflamma- 
tion proceeds to other coats including the serosa. The appendix looks 
edematous and the tip of it is frequently slightly- clubbed. It is tense and 
liyperemic; the blood vessels are well injected. Its color is bright red or 
covered with deposits of suppurated or necrotic tissue. The lumen of 
the appendix contains mucopurulent exudate. 

(C) Gangrenous. This type generally occurs when appendiceal blood 
vessels are involved. If the artery’ is involved, anemic infarction follows; 
if the vein, is involved, hemorrhagic infarct follows; these infarcts usu- 
ally affect the antiraesenteric border. These infarct areas become in- 
vaded by bacteria, which leads to suppuration and gangrene. 

(D) Perforative. Perforation may take place in any type of appendi- 
citis. The rupture may be of a pin-hole or of a larger size. A frequent 
cause of rupture is necrosis of the tissue by a concretion within the lu- 
men of the appendix. 

Symptomatology 

This disease, as a rule, has no prodromal symptoms although in some 
cases the patient is constipated two or three days before the onset. In 
a typical case the disease comes as from a clear sky; there appears a 
number of symptoms in a definite succession which present definite 
characteristics. Not all of the symptoms are of equal importance; not 
all of them appear all the time and there is not a single symptom which 
is pathognomonic. 

These symptoms in the order of their frequency and importance are: 
pain, nausea and vomiting, tenderness, rigidity, fever and leukocytosis. 

Pain. The significance of pain is of great importance. The correct 
interpretation of its character, severity, its variations, duration and 
localization may have a great diagnostic and prognostic significance. It 
is the earliest and the most constant symptom. It starts usually in the 
epigastric or in the umbilical region as a colicky pain. It stays in this 
region from a few to twenty-four hours and then localizes in the right 
lower quadrant. By this time the character of the pain changes. Its 
‘'colicky'” character gives way’ to a steady, aching pain. 

The feature of the pain, starting in the epigastrium and then localiz- 
ing only’ in the right lower quadrant, is so characteristic for acute ap- 
pendicitis, that pain starting in this manner is considered to be due to 
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appendicitis until proven otherwise, whereas pain starting at the right 
lower quadrant is not due to appendicitis unless proven otherwise. How- 
ever, in rare cases the same character of distribution of pain is found 
in other acute intra-abdominal lesions, such as acute cholecystitis, 
salpingitis, perforated gastric ulcer or enterocolitis. On the other hand, 
in a definite number of cases, particularly in children and in elderly 
people, the pain may start in the right lower quadrant. 

The severity of pain very often runs parallel with the severity and the 
extent of the appendiceal inflammation, particularly after the third day. 
However, in the first two days the gross pathology is graver than the 
clinical manifestations. Cases are known of a sloughed appendix with 
very slight pain. The individual temperament of the patient is also re- 
sponsible for a different response to a seemingly identical degree of 
pathology. For this reason the severity of pain cannot serve as an ab- 
solutely reliable symptom. 

Much more important than severity of pain is its duration, because 
it is indicative of the progress of the disease. In mild cases, when no 
complications arise, the pain subsides in twenty-four hours and is prac- 
tically gone in forty-eight hours. If the pain continues and particularly if 
it increases in severity and in the size of the area involved after forty- 
eight hours, it is a sign of the spreading of the inflammation from the 
appendix to peritoneum. When the pain subsides slowly w ithout cessa- 
tion of other symptoms one should suspect gangrene of the appendix, 
and if it subsides suddenly, especially following a marked increase of its 
intensity and without cessation of other symptoms, perforation should 
be suspected. 

Nausea and vomitus occur very often. Nausea is nearly a constant 
symptom (85 per cent); vomitus is less frequent (42 to 50 per cent). 
Vomitus usually appears approximately three hours after the onset of 
pain; the patient vomits once or twice; the contents are at fast oi the 
gastric contents and the repeated vomiting consists of bile. When pain 
leaves the epigastric region and settles in the right loner quadrant, the 
vomitus ceases. This sequence of symptoms, namely, vomitus following 
pain is quite characteristic for acute appendicitis only, and for no other 
abdominal lesion. This means that if vomitus precedes pain in an acute 
condition of the abdomen, the case is not one caused by appendicitis. 
It should, however, be remembered that occasionally this is not the 
case. If the vomitus ceases after the pain is localized in the right lower 
quadrant and later reappears, it signifies that the inflammation has 
spread beyond the appendix and has involved the peritoneum. 

Tenderness is a very important symptom. In its importance it is 
only second to pain. The correct interpretation of tenderness enables 
one to decide the seat of pathology, the degree of its development and 
the extent of its spreading. At first it is observed as a superficial, that 
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is as a cutaneous hyperesthesia that spreads all over the abdomen. It 
corresponds at this stage to the generalized abdominal pain. This 
tenderness is elicited by pinching or rubbing the skin between the 
fingers. After a few hours it gives way to "deep” tenderness, uhich i» 
elicited by pressure at McBurney’s or at some other point in the right 
lower quadrant. The deep tenderness and the localization of pain in the 
right lower quadrant usually appear at the same time; however, tender- 
ness often appears before the pain is localized in the right lower quadrant. 

The tenderness increases in strength and in twenty-four hours reaches 
its height. In moderate cases it fades away in forty-eight hours, in mild 
cases in twenty-four hours. It disappears gradually, never as abruptly 
as pain. If tenderness reappears, it is a sign of secondary peritoneal 
involvement. 

Tenderness is more pronounced close to the seat of the pathology, 
when the appendix is more inflamed, when the seat of the pathology is 
near to the anterior abdominal wall and when the latter is very’ thin. 
Finally, the response of different individuals to pressure on the abdomi- 
nal wall varies. Therefore, we can say that the degree of tenderness as 
observed in each individual is due to several factors: to the degree of 
pathology, its proximity to the anterior (or posterior) abdominal wall 
and to the perceptive mechanism of each individual patient. 

It is usually considered that the point of greatest tenderness is at 
the ba<=e of the appendix. Here the afferent nerves of the appendix unite 
and carry the sensations to the spinal ganglia. This anatomical point 
being frequently constant at the cecum does not always correspond to 
the same point of the anterior abdominal wall on account of the mobility 
of the cecum. That is the main reason why several different points of 
greatest tenderness are described. Among the points mo«t frequently 
mentioned are the following: 

McBurney point is situated one and a half to two inches from the 
anterior superior iliac spine on a line drawn between the umbilicus and 
spina iliaca anterior superior (spino-umbilical line). 

Morris point is on the spino-umbilical line at the point where the 
lateral border of the right mu«culus rectus crosses this line. 

Lam point is on the spino-umbilical line at the point of junction of its 
lateral and middle thirds. 

Clado point is on the interspinou3 line (the line connecting the right 
and the left spina iliaca anterior superior) at the point where it erodes 
the lateral border of the right rectus muscle. However, the peritoneum 
close to the base of the appendix is early involved and becomes sensitive. 
For this reason rather a wide area is sensitive instead of a small cir- 
cumscribed point; therefore, several points are positive in the same pa- 
tient at the same time. 
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The tenderness occasionally is marked in two places: one at the base 
and the other at the tip of the appendix. This will give us a fairly good 
idea of the direction of the appendix. 

If tenderness spreads from the right lower quadrant into other parts 
of the abdomen, it is a sign of the spreading of inflammation; if it spreads 
into all four quadrants, it is a sign of diffuse peritonitis; if it spreads still 
farther into both flanks and into both loins and can be elicited by rectal 
or vaginal examination, it is a sign of general peritonitis. 

Deep tenderness may be elicited by digital compression of the Mc- 
Burney, Morris, Lanz and Clado points or by palpation of the descend- 
ing colon, which will reveal pain in one of the above mentioned points 
(Rovsing sign), or by inflation of the descending colon by air (Bastedo 
sign). It is, however, not advisable to employ the Bastedo sign for diag- 
nostic purposes in acute appendicitis because there is a possibility that 
the inflated air may rupture the appendix. Deep tenderness is a more 
valuable diagnostic sign than the superficial type. 

Rebound tenderness, that is, pain elicited after the hand compressing 
the left lower quadrant is suddenly released, is quite a constant symp- 
tom in all those cases in which deep tenderness is present (Blumberg 
sign). Rebound tenderness is present in about 72 per cent. 

Rigidity or an increased tonus of the abdominal muscles is quite a 
constant symptom of peritoneal involvement (77 per cent). It appears 
after the pain and tenderness are already present. At first it is general- 
ized, when pain and tenderness are “all over,” but later it also “settles” 
in the right lower quadrant. The more pronounced the pathology and 
the more the parietal peritoneum is involved, the greater is the degree 
of rigidity. For this reason, the greatest rigidity is manifested in that 
part of the abdomen where the appendix lies. If it lies close to the 
anterior abdominal wall, rigidity of the right musculus rectus abdominis 
and of the right lateral muscles is the greatest. When there is a retrocecal 
appendix, the greatest rigidity may be in the lumbar muscles. In the 
case of a deep pelvic appendix, or if the appendix is well surrounded by 
omentum, there may be no rigidity whatsoever. However, in some cases 
this symptom is not reliable, because some patients cannot relax their 
abdominal muscles even if no pathology in the abdomen is present. 
That means that absence of rigidity is of greater diagnostic value than 
its presence. 

It should also be remembered that rigidity of the abdominal muscles 
may be present in some pathological conditions located outside the ab- 
dominal cavity, such as pneumonia, pleurisy or coronary thrombosis. 
However, in such cases there will be no tenderness in the right lower 
quadrant. 

Fever. The rise of temperature is usually moderate; it starts between 
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three and twenty-four hours after the onset of the disease. The tempera- 
ture at the beginning is about 99.5° F.; it increases every few hours and 
reaches its height at 102° F. in about twenty-four hours, at which point 
it remains for twenty-four to forty-eight hours and then gradually sub- 
sides, reaching the normal level by the end of a week. A sudden drop 
is a bad omen of approaching gangrene or perforation of the appendix. 
Cases with normal temperature are rare. The temperature usually starts 
without a chill. If it starts with a chill, it is probably not a case of ap- 
pendicitis but if the clinical picture is suggestive of appendicitis, we 
are then dealing with a gangrenous appendix. However, this does not 
mean that every gangrenous appendix starts with a chill. As a matter of 
fact only few gangrenous appendices start with chills. If later in the 
course of the disease chills appear, it is a sign of some complications, 
such as pulmonary, peritoneal or vascular. If in the later course of the 
disease the temperature rises high and becomes irregular, it may be due 
to complications, such as pylephlebitis, subdiaphragmatic abscess, etc. 
Cases with initial high temperature (above 103° F.) with or without 
chills in the great majority of cases are not due to appendicitis. 

Pulse. The pulse usually runs according to the temperature, that is 
72 to 80 beats per minute with normal temperature and an increase of 
10 beats per minute for each additional degree of F. This relationship is 
preserved during the entire length of the disease. Changes in this re- 
lationship have a definite significance. A slow pulse and a subnormal 
temperature (if all other acute symptoms persist) are suggestive of a 
gangrenous appendix. Very rapid pulse (130 to 140) is suggestive of peri- 
tonitis. The temperature in case of peritonitis at first is high, then be- 
comes normal or even subnormal and later rises to 104° to 105° F. 

However, it should be kept in mind that in nervous patients the pulse 
is liable to variations and it should be taken several times, particularly 
when the patient is off guard, otherwise one can give an erroneous in- 
terpretation of its frequency. 

Leukocytosis. The increase in the number of leukocytes may be 
slight and gradual or pronounced and sudden. It is important to register 
not only the total number of leukocytes per cubic millimeter but also 
the percentage of polymorphonuclear neutrophils. According to Son- 
dern, an increase in the percentage of polymorphonuclear neutrophils 
is an index of the absorption of toxins, and the amount of leuko- 
cytes is the index of the patient’s resistance to the absorbed toxins. 
In other words, the higher the leukocytosis, the better is the resistance 
of the patient, and the more the polymorphonuclears, the more severe 
is the infection. It is usually considered that a normal healthy indi- 
vidual has 6,700 leukocytes per cubic millimeter, with 62 per cent 
poljTnorphonuclear neutrophils. However, 10,000 leukocytes with 75 
per cent of poljTnorphonuclear neutrophils is considered as a normal 
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amount by many. A slight increase of polynuclear neutrophils signifies 
mild infection; a great increase signifies severe infection. Slight leuko- 
cytosis and a slight increase of polymorphonuclear neutrophils signify 
mild infection with a good resistance. A great increase of leukocytes 
with a great increase in polymorphonuclears indicate severe infection 
with a good resistance. Slight leukocytosis and a great increase in 
polymorphonuclears signify a severe infection with a poor resistance. 
No leukocytosis and a marked increase in the polymorphonuclears 
signify severe infection and no resistance. A gradual increase in poly- 
morphonuclear neutrophils with decrease of leukocytes signify increased 
infection with a decreased resistance- A gradual decrease in poly- 
morphonuclear cells and a gradual decrease in leukocytes signifies im- 
provement. 

It should be borne in mind that the blood count alone is of no great 
diagnostic significance; but it becomes of the greatest diagnostic value 
when it fits into the clinical picture of acute appendicitis. 

Of all the symptoms of acute appendicitis three are cardinal, namely, 
pain, tenderness and rigidity. They arc the “triad” of the appendicular 
syndrome. But not all of these symptoms are always present. As a 
matter of fact, there is not a single symptom which is pathognomonic for 
appendicitis. 

However, a study of all the symptoms, their appearance, course and 
interrelationship enables an experienced surgeon to arrive at a correct 
diagnosis even in an atypical case. In analyzing all the symptoms, one 
should always keep in mind that in the first forty-eight hours after the 
onset the symptoms do not run parallel to the pathological conditions 
present. At this time the anatomo-pathological symptoms arc graver 
than the clinical manifestations; after forty-eight hours they run parallel 
and only then do the symptoms become a good guide as to the actual 
gravity of the pathology present. 

Sedimentation Test. This test consists of letting citrated blood of 
the patient to stand in a column; then the erythrocytes settle down. If 
during an hour the erythrocytes settle with a velocity of 4 to 8 mm., it 
is considered normal; if it settles with a velocity up to 20 mm., it is con- 
sidered moderately accelerated, and if above 20 mm., it is considered 
accelerated. On the first day of acute appendicitis the sedimentation 
test is normal in about 97 per cent in the male and in 89 per cent in the 
female. On the second day it is normal only in 85 per cent in the male 
and 68 per cent in the female. On the third day it is normal in 77 per 
cent in the male and 55 per cent in the female, and after the third day 
it is normal in 50 per cent in the male and in 44 per cent in the female. 

The sedimentation test does not show an increase or diminution de- 
pending on the form of appendicitis (catarrhal, phlegmonous, destruc- 
tive) and for this reason cannot be utilized for the diagnosis of the type 
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of appendicitis. There is no interrelationship between the degree of 
leukocytosis, number of eosinophiles and degree of sedimentation. 

In the case of acute inflammation of the adnexa the degree of sedi- 
mentation is markedly increased and appears earlier than in the case of 
acute appendicitis. There is a different interpretation of this fact and it 
is used as a differential diagnostic point: If sedimentation is increased 
in the first day, it is probably not appendicitis but adnexitis; if, however, 
the sedimentation reaction becomes increased on the third day, it is a 
case of appendicitis. 

X-ray has a very limited application for diagnosis of acute appendi- 
citis. It goes without saying that no contrast medium should be given 
whenever acute appendicitis is suspected. However, flat x-ray plates are 
advisable for differential diagnosis in some conditions, which may re- 
semble acute appendicitis, such as stones in the kidney or the ureter, 
biliary stones, some diseases of the lumbar vertebrae, such as spondy- 
litis deformans, tuberculous of the lumbar vertebrae, right-sided pneu- 
monia, subdiaphragmatic abscess and, occasionally, pericarditis and 
mediastinitis. In the case of intestinal obstruction simulating appen- 
dicitis, x-ray is of great diagnostic value because it shows the ladder-like 
appearance of the small bowels. 

Diagnosis 

In the great majority of cases when most of the .symptoms are present 
the diagnosis of acute appendicitis is not difficult. However, in the ab- 
sence of some of the "cardinal symptoms” and, especially, when some 
symptoms are added, which arose due to complications, the diagnosis 
may become very difficult. In clinics headed by highly competent sur- 
geons the percentage of mistaken diagnoses ranges from S to 22 per cent. 
It is a well known fact that cases of non-appendicitis are much more 
frequently mistaken for acute appendicitis than the vice versa and the 
ratio of this mistake is 10 to 1. 

The diagnosis is based on the presence of a definite number of symp- 
toms as described under "symptomatology” and on the presence of 
definite physical findings. The diagnosis does not depend on the presence 
or absence of some of the symptoms; the mutual relationship of symp- 
toms has to be taken into consideration. There are many other lesions 
within or even outside the abdomen which may give identical symptoms. 
However, in different lesions the symptoms appear in a different order 
and different symptoms become the most prominent. 

In order to differentiate acute appendicitis from all other conditions, 
one would have to review the differential diagnosis of nearly* all possible 
pathological conditions within and even outside the abdomen. For this 
reason we will give only a few of the most frequently occurring intrfl- or 
extra-abdominal conditions: 
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1. Acute Cholecystitis, Cholelithiasis and Ruptured Gallblad- 
der. In the beginning of the disease they may simulate appendicitis 
because they also begin with pain in the epigastrium; however, they are 
more severe and are not colicky but boring and radiate to the right 
shoulder and to the right Bide of the back. Nausea, vomiting, fever and 
leukocytosis are present; however, tenderness and rigidity are pro- 
nounced in the right upper quadrant with its maximum intensity in the 
ninth right costal cartilage. Biliary colic is usually more severe than pain 
in appendicitis. Rupture of the gallbladder is accompanied by shock and 
peritonitis. The distinctive feature of pain in gallbladder disease is its 
more intense character, its radiation to the back, its tendency to re- 
main around the starting place or to progress upward and not down- 
ward. Generally, the two conditions are not difficult to differentiate, 
particularly if one remembers that gallbladder diseases usually affect 
women past forty who are stout and that there is a definite past history 
of an idiosyncrasy to certain food. 

2. Perforated Gastric Or Duodenal Ulcer. In typical cases the 
diagnosis is not difficult. In the case of perforated gastric or duodenal 
ulcer the pain is sudden and excruciating, there is a board-like rigidity 
of the abdomen, particularly in the upper portion, the pulse is rapid, 
temperature normal or subnormal at first, with a later rise due to peri- 
tonitis. In this stage the diagnosis is easy because appendicitis does not 
give such a severe picture. Slow leakage from a gastric or duodenal ulcer 
may produce symptoms resembling appendicitis. But even then the 
diagnosis, although more difficult, is still possible because the pain and 
rigidity are confined more to the upper abdomen and there is usually a 
history of an ulcer. Flat x-ray plates show air bubbles in the case of per- 
forated ulcer. 

3. Acute salpingitis has a definite history of previous attacks of 
puerperal or venereal infection, of menstrual disorder or of frequent 
curettages. The pain is gradual at the onset and is confined to both sides 
of the lower abdomen. Vomiting is rare; the temperature is high, rising 
to 103° F., tenderness is mostly over the midsuprapubic region; mus- 
cular rigidity' is not marked. However, in many cases the pain may be 
in the right side only and rigidity and tenderness also on the right side; 
then the diagnosis may be difficult. However, in the case of salpingitis 
tenderness on pressure in the cul-de-sac is present, particularly by push- 
ing the cervix uteri with a finger upward. If pain is present at such a 
manipulation, it is a case of salpingitis. Temperature, pulse and leu- 
kocytosis are higher in salpingitis than in appendicitis. In the case of 
salpingitis usually both sides are tender and vaginal discharge and Gram- 
negative diplococci are ordinarily present. 

4. Ruptured Graafian Follicle Or Rupture of the Corpus 
Luteum. The rupture of a Graafian follicle or of the corpus luteum may 
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be accompanied by mild or by severe hemorrhage. In the case of mild 
hemorrhage the condition may be confused with acute appendicitis 
and in the case of severe hemorrhage with ruptured tubal pregnancy. 
In the presence of a rupture of the Graafian follicle or of the corpus 
luteum there may' be nausea and vomitus; fever and leukocytosis are 
very often present and there will be tenderness, rigidity and rebound 
tenderness. The point of differentiation is that in the ca«e of a ruptured 
Graafian follicle the pain starts in the Tight lower quadrant and then 
becomes generalized (in appendicitis the reverse is the case); it starts 
suddenly and vaginal examination is painful. The age of these patients 
is between fourteen and thirty-five years and most of them are multi- 
paras. 

5. Acute Pancreatitis. The onset is sudden and is characterized by 
agonizing constant pain in the epigastrium and with symptoms of col- 
lapse. The blood pressure is low and the pulse is rapid. Extreme tender- 
nc^ over the epigastric region is quite characteristic. When the retro- 
peritoneal tissues are involved, the pain extends into the costovertebral 
angles. All the*e symptoms enable one to differentiate pancreatitis from 
acute appendicitis. In the differentiation between acute pancreatitis and 
any other intra-abdominal lesion the elevation of amylase in the patient's 
blood serum may serve as a valuable laboratory aid. The normal amount 
of amylase ranges from fifteen to thirty units, whereas in the case of 
acute pancreatitis it becomes elevated. 

6. Renal colic is characterized by colicky pain due to a stone in the 
kidney or in the ureter. It begins in the right lumbar region and radi- 
ates to the testicle and the penis or to the labia majors. There is no 
fever or leukocytosis. There is frequency of micturition and hematuria. 
An x-ray may show the stone. However, occasionally an inflamed ap- 
pendix adherent to the ureter may give symptoms of renal colic and 
make the diagnosis very difficult. A flat x-ray plate of the kidney, 
ureters and bladder may show a shadow in the renal pelvis or along the 
course of the ureter. 

7. Pvelitis. This is characterized by pain, fever and leukocytosis. 
The kidney is often sensitive. There is frequency of urination, chills and 
temperature up to 103° F. with a septic run. Pus in the urine is abun- 
dant. There is no rigidity or tenderness of the anterior abdominal wall. 
Vomitus, as a role, is absent. However, in cases of acute appendicitis 
when the appendix is adherent to the ureter, pyuria may be present and 
pus disappears as soon as the appendix is removed, pyelitis may be 
ruled out by urine examination, pyelography' and palpation. 

8. Dietl's crises, which are attributed to a twisting of the movable 
kidney' on its ureteral pedicle with compression of the blood vessels and 
nerves, produce attacks of pain in the right lumbar and abdominal re- 
gions. The pain is colicky', often accompanied by nausea and vomiting; 
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fever rises to 101* F. and frequently there is tenderness and rigidity of 
the right lower abdomen. The points of differentiation are: This condi- 
tion occurs mostly in women, there is no leukocytosis and no point of 
tenderness; symptoms come and disappear quickly; the pain is relieved 
if the patient lies down and especially if the hips are elevated. 

9. Tubal pregnancy immediately before rupture, at the time of 
rupture and after the rupture gives many symptoms similar to appendi- 
citis, such as pain, tenderness, rigidity and leukocytosis. For differentia- 
tion before the rupture the most important is the history of menstrual 
irregularities; at the time of rupture, shock, bloody discharge from the 
vagina, thready pulse, pallor and lowered blood pressure; after rupture 
a pulpy mass in the cul-de-sac may be felt. 

10. Torsion of the Pedicle of a Right Ovarian Cyst. Confusion 
is easy because this condition elicits severe abdominal pain, nausea, 
vomiting, rapid pulse, fever and tenderness. The diagnosis will be 
cleared up by a bimanual examination which may reveal a tumor, by a 
history of the presence of an ovarian tumor and by the low position of 
the affected area. The tumor is usually felt, because small size cysts 
ordinarily do not produce torsion of the pedicle. 

If, however, the torsion lasts for several hours, the blood supply is 
shut off, gangrene ensues and pain disappears. At this stage diagnosis of 
appendicular abscess can be made easily. 

11. Diverticulitis. It may be necessary to differentiate from 
Meckel’s diverticulum (congenital type) or from the inflamed diverticula 
of the large bowel (acquired type). In the case of acute diverticulitis of 
the large bowel, it is usually at the sigmoid and symptoms are confined 
to the left side; but when they become more generalized, the symptoms 
may be confused with appendicitis. The fact that diverticulitis occurs 
in middle age and that pain is on the left side may serve as diagnostic 
points for differentiation. One has to keep in mind that a tong appendix 
can reach the left side and give all the symptoms of diverticulitis. 
Meckel’s diverticulitis produces the same clinical symptoms as acute 
appendicitis and at the beginning of the disease it is extremely difficult 
to differentiate between these two conditions. 

12. Thrombosis and Embolism of the Mesenteric Vessels. This 
condition is more often confused with intestinal obstruction than with 
appendicitis. It is characterized by a sudden, excruciating pain in the 
umbilical region, followed by vomiting and collapse. There is no passage 
of stool or gas; if, occasionally, the bowels move, there is a bloody, 
watery or mucoid stool. The pulse is usually weak and rapid and the 
temperature subnormal. The differentiation usually is not difficult, yet 
in cases which start not so acutely it may become very difficult. The 
points of differentiation may be: (1) History of a previous embolism in 
some other part; (2) colicky pain in the abdomen; (3) marked fall of 
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Treatment 

The treatment of acute appendicitis essentially is surgical. However, 
there are instances in which medical treatment is preferable. As long 
as the appendix lies free and is not surrounded by intra-abdominal struc- 
tures which would shut it off from the free peritoneal cavity and as long 
as the inflammatory’ process is progressing — the appendix should be 
removed. But when protective adhesions are formed, the time for opera- 
tion has passed and conservative treatment becomes less hazardous. In 
average cases these protective adhesions (mass-formation) are formed 
within forty-eight to sixty hours after the onset. For this reason surgery 
is indicated within the first forty-eight to sixty hours after the onset 
and conservative treatment if more time has elapsed. However, it 
should be remembered that these hours represent the time only fairly 
accurately when mass-formation takes place but the real decision to 
operate or not depends on whether or not an abdominal mass is pres- 
ent. For this reason, as soon as the diagnosis has been made one should 
ascertain whether an abdominal mass is present. If it is, conservative 
treatment should be instituted. 

However, if the mass is not felt the patient should be examined again 
under general anesthesia. In many cases the mass, which was not felt 
while the patient was awake becomes palpable after the patient i* com- 
pletely relaxed under deep general anesthesia. If a mass is palpable un- 
der deep anesthesia, no operation should be done. If no mass is felt 
under deep anesthesia and a mass is found, after the abdomen lias been 
opened, the appendix is removed only if it lies superficially, is easily ac- 
cessible and does not necessitate the breaking of adhesions. If, however, 
the appendix is included in a mass and it can be reached only by breaking 
the surrounding adhesions, the appendix should not be removed and a 
cigarette drain should be placed in the free peritoneal cavity and the 
abdomen closed. 

The management differs depending on the various phases of pathol- 
ogy found, namely, if the condition is confined to the appendix only, if 
there are manifestations of spreading peritonitis, general peritonitis, 
mass-formation or abscess-formation. In addition, there might arise nu- 
merous complications some of which may need surgical management. 

If the pathology is confined to the appendix only, or if there are only 
mild symptoms of spreading peritonitis which do not involve a large 
area, simple appendectomj' should be performed. 

Management of Acute Appendicitis in which Pathology 
Is Confined to the Appendix Only 

After it is decided that the patient should he operated upon many 
points have to be taken into consideration: 
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1. Choice of the abdominal incision; 

2. Location of the cecum; 

3. Location of the appendix; 

4. Technic of removal of the appendix; 

5. Question of drainage. 

1. Choice or the Incision (Fig. 166). There is not a single incision 



3-'io. ICC. Incisions employed fur uppciidectowy. t>b. Sonncnburg incision, 
de. McBurneyincision. defg. Harrington incision, jk and 1m. Battle incision 
(Jalaguicr, Lennander, Kammerer, Senn incisions), no. Midline incision 

which serves all purposes. For acute appendicitis one of two incisions 
are usually employed — either McBurney’s or any of the right pararectus 
incisions which are known under different names (Jalaguicr, Battle, 
Kammerer, Lennander, Senn). The majority of surgeons consider that 
the McBurney incision should be employed for all acute cases in which 
there is no intention on the part of the surgeon to explore the abdominal 
cavity and all that the surgeon wants is to “get in quick and get out still 
quicker.” In instances in which the surgeon expects to have some techni- 
cal difficulties (very obese patients), or he believes that the abdominal 
cavity should be explored, a right pararectus incision should be used 
because it offers a better operative field. The contention of some sur- 
geons that a right pararectus incision should not be used in acute cases, 
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because it gives a higher percentage of mortality on account of the easier 
spreading of peritonitis, is without justification. There is ample statisti- 
cal evidence that peritonitis does not occur more frequently when a 
right pararectus incision is used. 

We are in full accord with this latter view. If we consider that the 
base of the appendix lies at the point of the cecum, which holotopically 
corresponds to the point where the lateral border of the right musculus 
rectus crosses the spino-umbilical line, we do not see any reason why an 
incision passing through this point should promote the spreading of 
peritonitis. 

Technic of McBurney Incision (Fig. 1G7). A point is selected on the 
spino-umbilical line at a distance of one and a half inches from the su- 
perior anterior iliac spine. A skin incision three inches long is made 
through this point perpendicularly to tills line. Two inches of this in- 
cision are above the spino-umbilical line and one inch below. After the 
skin incision, the superficial and deep fascia are incised, the external 
oblique muscle is exposed above the spino-umbilical line and aponeurosis 
of the same muscle below this line. The external oblique muscle and its 
aponeurosis are split in the same direction as the skin incision. 

Small retractors separate the lips of the split muscle and expose the 
internal oblique muscle, which is split in the direction of its fibeis. The 
hooks that retracted the lips of the external oblique muscle are removed 
and then reinserted to separate the lips of the internal oblique muscle 
and to expose the transversus abdominis muscle. The fibers of this mus- 
cle are separated by a very slight incision of the fascia covering the trans- 
versus abdominis muscle. Then the jaws of a curved artery forceps are 
inserted until the transversalis fascia is reached when the jaws are 
spread open. After this is done, the transversalis fascia immediately pro- 
trudes; it is caught between two tissue forceps and cut together with the 
peritoneum in a direction perpendicular to the midline. 

Tliis incision is excellent in a great number of cases; the appendix 
can be easily removed and there is very little damage to the anterior 
abdominal wall. However, in some cases, due to the smallness of the 
incision, it is difficult to locate not only the appendix but even the ce- 
cum; in some instances the cecum can be located but the appendix is dif- 
ficult to deliver; then it is necessary to enlarge the incision. It is usually 
enlarged in one of two directions depending on the location of the ap- 
pendix. If it lies high up under the liver, the incision is prolonged at the 
upper end in the direction of the line of the incision already made. After 
the skin, superficial and deep fascia are cut in this direction, the fibers 
of the external oblique muscle are split in the same direction. The lips of 
this muscle are retracted and the internal oblique, the transversus al> 
dorainis muscles and the transversalis fascia with peritoneum are cut in 
a direction perpendicular to the direction of the fibers of the external 
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Fig. 167. Technic of McBurney incision. 1. Skin incision. 2. Splitting of fibres of external 
oblique muscle and its aponeurosis. 3. Splitting of fibres of internal oblique muscle 4 
Splitting of fibres of transversus abdominis muscle. 5. Cutting the transvcrsalis fascia 
and peritoneum. 6. The cecum is seen In the abdominal cavity. 

oblique muscle, starting from the upper angle for a distance of an inch 
or an inch and a half. This will result in a good exposure of the field. 

If the appendix lies in the pelvis and it is necessary to enlarge the in- 
cision downwards, the Harrington incision (Fig. 168) will afford a good 
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As soon as the abdomen is opened, one has to proceed with the loca- 
tion of the cecum, which is the preliminary step in locating the appen- 
dix, In some cases the appendix appears in the wound so that there is 
no necessity for locating the cecum. However, in the great majority of 
cases one has to search for the cecum in order to locate the appendix. 
Usually it is an easy procedure and one finds the cecum by inserting the 
index finger and the thumb into the right iliac fossa. However, diffi- 
culties are encountered occasionally because the cecum may be covered 
by loops of small bowel and all the time such a loop appears in the ab- 
dominal incision. When this occurs there are few methods which facili- 
tate the location of the cecum. 

Murphy Method of Location of the Cecum. The index finger of 
the right hand is inserted through the abdominal incision and carried 
behind the anterior abdominal wall to the right until the lateral wall is 
reached; the finger then is carried along the lateral abdominal wall until 
the posterior abdominal wall is reached and then medially until it reaches 
the pouch formed by the junction of the parietal peritoneum of the pos- 
terior abdominal wall with the cecum. The latter is then grasped be- 
tween the thumb and the index finger of the right hand. 

This is a good method and is efficient for the majority of cases. How- 
ever, there are occasions when this method is not satisfactory, namely, 
when the cccum lies close to the posterolateral side of the abdomen. 
Under such circumstances there is no pouch formed between the ab- 
dominal wall and the cecum, and the exploring finger, after leaving the 
lateral abdominal wall, will tra%'crse across the posterior wall actually in 
front of the cecum and may pick up any loop of bowel but the cecum. 
If this occurs there is another method known as the Monks’ method, 
which will enable one to find the cccum by locating first the terminal por- 
tion of the ileum at the distance of one to four inches from the ileocecal 
junction. 

Monks’ Method (Fig. 269). The index finger of the right hand is 
placed on the right side of the brim of the pelvis. This finger is then 
carried upward along the pelvic brim and still farther upward in the 
same direction until a pouch is encountered. This pouch is formed by 
the attachment of the lowermost portion of the mesoileum to the pos- 
terior abdominal wall. Then in front of the finger the terminal four 
inches of the ileum will lie; the latter is drawn outside between the thumb 
and the index finger; as soon as the terminal ileum is located, the cecum 
is found one to four inches away from it. 

In acute appendicitis w e prefer to locate the cecum by merely picking 
it up between two fingers. If we are unable to locate it in this manner, 
we employ the Murphy method; if this fails, we use Monks’ method. The 
reason for our preference for this succession of methods is that in each 
previously mentioned procedure we come less in contact with the ab-» 
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dominal viscera and therefore there is less danger of contamination. 

There are, however, instances, when using Monks’ method one will 
be unable to find the terminal portion of the ileum. This will be in those 
rare cases in which the cecum failed to descend from the subhepatic 
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region into the right iliac fossa. However, this does not hold again-t 
Monks’ method. On the contrary, it gives additional value to this pro- 
cedure because it not only enables one to locate the terminal ileum and 
cecum, when they are present in their usual location, but also shows 
when the terminal ileum and cecum are absent in this location. 

One should also bear in mind that extensive adherence of the terminal 
ileum to the right iliac fossa by a Lane band may occasionally produce 
difficulties in locating the terminal ileum by Monks’ method. 

Ina bility to locate the ter minal ileum and cecum by Monks’ method 
is a sign that the incision should be enlarged in an upward and lateral 
direction. 
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Location of the Appendix. The base of the appendix is situated on 
the posterior wall of the dome of the cecum in 90 per cent of all cases. 
In order to locate it, the dome of the cecum is turned upward, so that 
its posterior wall faces anteriorly and the appendix becomes visible. If 
the appendix is not seen, one has to look for the ileocecal fold (“Blood- 
less fold of Treves”) (Fig. 165). This fold runs from the antimesenteric 
border of the terminal ileum, plasters against the cecal wall and fuses 
with the mcsoappendix. Naturally, as soon as the mesoappendix is lo- 
cated, the appendix is easily found. 

There is another method of locating the appendix, namely, by tracing 
the three taenia longitudinalis coli until they cross each other, because 
the appendix springs from the point of their crossing. 

Usually, it is easy to locate the appendix by one of these methods. 
However, occasional difficulties may arise. They may be due to one of 
three causes: 

A. Absence of the appendix — acquired or congenital. 

B. Hypoplasia of the appendix. 

C. Hidden position of the appendix which otherwise is of a normal 
size. 

A. Absence of the Appendix. This may be either acquired or con- 
genital. Acquired absence of the appendix is a well known fact. Occa- 
sionally, while operating upon a patient for acute appendicitis, one dis- 
covers that the appendix sloughed off the cecum and lies either free in 
the peritoneal cavity or surrounded by omentum or loops of bowel. 
Cases have been reported of patients having acute attacks of appendi- 
citis who refused operation. The patients had palpable masses in the 
right lower quadrant and a stormy recovery. Years later some of these 
patients were operated upon for some other abdominal condition and 
no appendix was found. It is reasonable to presume that the appendix 
sloughed off in a previous attack but the patient survived the attack. 
However, it should be remembered that an absence of the appendix of 
the acquired variety is rare and congenital absence of the appendix is 
still rarer. 

Up to date there have been only 50 odd cases of the congenital variety 
reported. In 1925, Dorlandin an excellent article on the subject reported 
thirty-six cases to which he added his own case. In 1930, I collected 
seven cases that appeared after Dorland’s publication and added my 
own two cases, which were the forty-fifth and forty-sixth cases. Green 
and Ross published a case in 1933, Sindoni in 1933, Louyot, Richon and 
Lacourt in 1934, Darrah in 1935, Caminiti in 1937, Baiice in 1938, 
Rambo and Lasky in 1938, thus bringing the number of cases to fifty- 
three. 

In some the appendix was not found on the operating table and for 
this reason one cannot be certain whether the appendix was really ab- 
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sent. Another group of absent appendices were those which were not 
found on the dissecting table. They are much more reliable than the 
cases of the first group but still are not absolutely reliable. Several times 
while dissecting cadavers we did not find the appendix. The most care- 
ful palpation could not reveal it and it was only after the serosa of the 



FlO. 170. Location of the appendix if Lane's band is present. 

Mobilization of the cecum (Spivack’s rule). 

cecal wall was incised, starting at the point where the base of the ap- 
pendix has its usual position, that an appendix, perfectly normal in size 
and appearance, was found (Fig. 172, insert). The reason why the ap- 
pendix was not palpated was that since it was not inflamed it had the 
same consistency as the cecal wall and since it was covered by serosa it 
was invisible, hence the reports of “congenital absence of the appendix” 
in cases not found on the operating table. 

But even if we consider that all cases reported as an absence of the 
appendix, acquired or congenital, actually were cases of absence (and we 
do not concede that this is the case), they are so rare that for all prac- 
tical purposes we may consider that they hardly ever occur and for this 
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reason if one cannot find the appendix, one should dismiss the thought 
of its absence and think of one of the remaining two possibilities: 

B. Hypoplasia of the Appendix, The average length of the appendix 
is about three inches. However, in its extremes the length may vary con- 


Fir. 171 Different positions of the retrocecal appendix. 


siderably. Cases are known of the appendix being 32| inches (33 cm.) 
long and of 2 ram. (1/13 of an inch) short. However, appendices shorter 
than one-half an inch are infrequent. When they are small, they may 
have an appearance of one of the appendices epiploicae. However, the 
differentiation is easy. If the structure in question originates from the 
point of crossing of the three taeniae longitudinales, it is the appendix. 
Histologic examination, of course, will corroborate or disprove this. 

C. Hidden Position of the Appendix. In the great majority of cases 
the base and the proximal portions of the appendix lie retrocecally and 
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solution is then placed raedialward and downward and another one up- 
ward and lateralward from the cecum. This “walls off” the cecum with 
the appendix from the rest of the peritoneal cavity. This “walling off” is 
advisable only when the abdominal incision is large enough to permit the 



Tic.. 174 Technic of appendectomy. Insertion of a pursc-strinR =uturc on ri-eum 
around the ba*e of the appendix. 

small bowel to protrude outside the abdominal cavity and come into 
contact with the cecum and appendix or if the cecum and appendix are 
situated deeply and cannot be delivered outride the abdominal canty. 
If the appendix and the adjacent portion of the cecum can be delivered 
into the small size abdominal incision so that they close the opening 
snugly, there is no need for placing laparotomy sponges into the peri- 
toneal cavity. All that is necessary then is to wrap the protruding por- 
tion of the cecum with moist laparotomy sponges so as to prevent any 
soiling of the peritoneal cavity and of the thickness of the abdominal 
wall due to manipulations on the cccum and the appendix. Next, the 
appendiceal artery, which is a branch of the ileocolic artery and runs 
along the free border of the mesoappendix, is ligated cither by clamping 



APPENDICITIS 


491 


the inesoappendix, cutting it and then tying it, or by carrying a thread 
around the base of the inesoappendix on an aneurysm needle or on an 
artery forceps (Fig. 173, insert). 

The next step is the actual removal of the appendix and the manage- 
ment of the appendiceal stump. 



Fto. 175 Burying the appendicular stump in the cecal wall. 


There are several methods suggested all of which have their strong and 
weak points. We believe that there is not a single method which fits for 
all occasions. There are conditions when one method should be pre- 
ferred to another, whereas in a second group the reverse is the case. For 
this reason we give the description of several methods: 

a. Removal of the Appendix after Preliminary Ligation of 
Its Rase and Dropping the Ligated Stump into the Free Peri- 
toneal Cavity (Fig. 176 i). This method is the earliest type and the 
first appendectomy performed by Kronlein in 1884 was with this pro- 
cedure. It was used by all surgeons until 1888 when Frederic Treves 
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method there was the danger of abscess formation on the wall of the 
cecum which is transformed into a closed chamber in which the stump 
lies. Such an abscess could rupture into the free peritoneal cavity. This 
view' is shared by quite a number of highly competent surgeons. M. G. 
Kamenchick, basing his report on the material secured at the Leningrad 
Institute of Urgent Surgery, gives a statistical review of 1,944 patients 
operated upon for acute appendicitis in the years 1932 and 1933. Of this 
number 1,127 persons were operated upon by mere “ligation/’ 559 by 
the “ligation and burying” method and 258 by the method of “inver- 
sion without ligation of the stump.” In none of these methods were there 
complications that were absent in other methods, w ith exception of the 
“inversion” method in which hemorrhage occurred in one case. 

b. Removal op the Appendix after Preliminary Ligation op 
Its Base and Burying the Stump in the Wall op the Cecum (Fig, 
17Grr) 

This method was introduced in the United States by Nicholas Senn 
in 1889 and became the most popular. The advocates of other methods 
offer some objections to the use of this procedure. The main objection 
to this method is that an infected stump (even if it was sterilized by 
carbolic acid or cautery) is buried in a closed cavity and that abscess 
formation is possible. This abscess occasionally breaks into the free 
peritoneal cavity producing peritonitis, or through the skin, producing 
sinuses, or simultaneously into the lumen of the cecum and through the 
skin outside producing a fecal fistula (Fig. 177), Occasionally the 
omentum becomes adherent at the point where the stump is buried. 
The reason for this is that in about 80 per cent of call cases in which a 
purse-string suture is made it becomes infected and thus produces ad- 
hesions. However, it should be stated that these complications are very 
infrequent and the followers of this method claim that it is surgically 
more correct than the first method described. They claim further that 
it would be dangerous to leave an infected stump in the free peritoneal 
cavity, that the ligature may slip off and produce fatal peritonitis and 
that a loop of bowel may adhere to the raw surface of the stump of the 
appendix and cause intestinal obstruction. 

c. Removal of the Appendix -without Ligation of Its Base and 
Inversion of this Nonli gated Stump into the Lumen of the Cecum 
and Closure of the Cecal Opening by a Purse-String Suture 
(Fig. 176 in). This method was introduced in 1891 by Dawbarnl It 
consists in the placing of a crushing clamp at the base of the appendix 
and another one distally from it, making a seromuscular purse-string 
on the cecum as in the second method, “shaving off” the appendix be- 
tween the two clamps, inverting the crushed stump into the lumen of 
the cecum after withdrawing the proximal clamp and tying the ends of 
the purse-string suture, thus closing the hole in the cecum. It eliminates 
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some objectionable features of the two previous methods but creates 
some new objectionable features. To begin with, it retains one of the dis- 
advantages of the previous method ^namely, the introduction of the 
purse-string suture on the cecal wall. Although this suture is supposed 


Fig. 177. Complications which may arise in management of appendicular stump, 
a. Burying the stump in the cecal wall. b. Cross section of the same. c. Formation of a 
sinus, d. Rupture of the abscess in the cecal cavity with spontaneous recovery, e. Roptur" 
of the absce's in the cecal lumen and outside with formation of a fecal fistula. 


to be seromuscular, nevertheless it has been shown that in about 90 per 
cent of all cases one or more bites penetrate the mucosa and the suture 
becomes contaminated. A still more important objection is that from 
time to time hemorrhage occurs from the end of the nonligated crushed 
appendicular stump. As discussed already, the blood supply to the ap- 
pendix is derived from the appendicular artery and runs in the free bor- 
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der of the mesoappendix, sending short branches to the appendix (Fig. 
165). However, in some cases the main appendicular artery is absent 
and the blood supply to the appendix is derived from the cecal artery 
and traverses to the appendix over its base usually along its mesenteric 
border. If the stump is ligated, the ligature checks the possibility of 
bleeding; if there is no ligature applied, there may be a possibility of a 
hemorrhage and, indeed, cases have been reported in which hemorrhage 
occurred. 

However, we believe that this objection can be easily overcome by 
two manipulations: first, the base of the appendix should be crushed 
and with it the blood vessels will be crushed; second, by making a purse- 
string suture care should be taken so that the branch running to the 
appendix cither is taken in a loop or the threaded needle is passed in 
front and not behind this branch. At any rate, this hemorrhage occurs 
seldom even if no special precautions are taken, and certainly should not 
occur if the above precautions arc followed. For this reason we believe 
that the Dawbam method is to be preferred to any other technic of deal- 
ing with the stump, whenever there is a free choice. 

In conclusion we wish to repeat the statement with which we started 
the discussion on the management of the stump, namely, that there is 
not a single method of handling the stump that will suit all cases. Thus, 
in acute appendicitis with a pronounced edematous wall of the cecum 
in which a purse-string suture cannot be inserted, neither the b nor the c 
method can be employed. When there is a very thick edematous ap- 
pendix in which the wall of the cecum is not much changed, the Daw- 
barn method will not be applicable, since this procedure presupposes 
crushing the stump and this is contraindicated in such a type of ap- 
pendix. We may speak of preference in using one or another method in 
dealing with the stump, but there are cases when we are forced to use a 
method which we would otherwise consider as a second or third choice. 

Retrograde Appendectomy. By this term is meant a procedure in 
which the appendix is separated at its base from the cecum as the first 
step of the operation, and the remainder of the appendix is removed in 
subsequent steps. This type of operation is performed when the distal 
portion of the appendix is adherent to the surrounding structures by 
dense adhesions. When the w’hole appendix is imbedded in strong ad- 
hesions and its separation carries the danger of perforating the appendix, 
it is a good plan to remove the appendix by the retrograde method. The 
technic of this method is as follows: 

Step 1 . The abdomen is opened and the cecum is located by one of the 
methods described above. 

Step 2. Two crushing forceps are placed at the base of the appendix 
perpendicularly to its long axis (Fig. 178) and the appendix is cut be- 
tween the tw’o forceps by cautery or knife. If it is cut by knife, the two 
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stumps are earbolized. The base of the appendix is then managed by one 
of the methods described previously for handling the stump (Fig. 176). 

Step 8. The appendix is stretched by the artery forceps which holds 
its severed end and straight arterial clamp is applied to its mesentery. 
If the latter is too long, or if the entire appendix cannot be delivered at 
once, another artery forceps is applied to the remainder of the meso- 
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Fig. 178. Retrograde appendectomy. Two artery forceps clamp the 
base of the appendix. 


appendix, which is then cut between the artery ciamp and the body o! 
the appendix (Fig. 179). The clamped mesenteric stump should be 
ligated. 

Sxjbserous Appendectomy (Figs- 180, 181). This operation consists 
in enucleating and removing the mucous tube of the appendix and leav- 
ing the muscular and the serous coats. It is indicated in cases in which 
the appendix lies in dense adhesions and when the separation of the 
adhesions from the surrounding structures may injure them. This opera- 
tion was first performed by Poncet in 1899, and was reported the same 
year by Vignard. Poncet coined the term “subserous appendectomy.” 
Poncin, in 1901, and Delore, in 1902, reported several ca^cs of this type 
of appendectomy. In 1905, Isaacs, of New York, reported several cases 




Fig. 179. Retrograde appendectomy. Main picture: A forceps clamps the mesoappendix. 
Insert: Burying the appendiceal stump into the cecal wall by a purse string suture. 


not in cases in which the appendix can be readily separated from the 
surrounding structures. 

Technic. Step 1. The cecum and appendix are walled off from the rest 
of the peritoneal cavity. 

Step 2. The mesoappendix at the tip of the organ is grasped by an 
artery forceps and the appendix is put on the stretch. A linear incision 
is made, cutting through the adhesions, serosa and muscularis of the 
appendix until the mucosa is reached. This incision is made along the 
entire length of the antimesenteric border (Fig. 180). Both seromuscular 
lips are reflected so as to isolate the mucous tube in its entire circum- 
ference at least in one place. This should be done close to the tip, be- 
cause this is the safest point in case the mucosa is accidentally injured. 
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A hook is placed around this completely isolated mucous tube, and the 
isolation is continued until the base of the appendix is reached (Fig. 181), 
which is then crushed and cut between two clamps. The proximal 
crushed end is tied and the stump sterilized, after which it is buried by a 
purse-string suture. The seromuscular lips are then sutured to each other 
(Fig. 181, insert). 

Drainage. The question of drainage has been a controversial one for 
many years and even now the surgeons are not in accord on many 



Fio. 180. Subwous appendectomy. Incision of tbe fcro«a over the appendix 

points. In the early days of appendectomy there was a tendency to drain 
the abdominal cavity in all cases in which turbid fluid wa« found in the 
free peritoneal cavity, in ca«es of perforated or gangrenous appendices 
or in cases in which fibrous exudate was on or around the appendix. .Vs 
a matter of fact, drainage was encouraged for all those cases in which the 
appendix showed something more than a mere catarrhal inflammation 
by the well known maxim of Lawson Tait: "when in doubt — drain.” 
However, in the early part of the first decade of this century there ap- 
peared reaction against this indiscriminate drainage. Tates, of Mil- 
waukee, as early as in 1904 showed that a drain introduced into the 
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general peritoneal cavity of a dog after six hours is walled off and does 
not communicate with the general peritoneal cavity. He showed that car- 
mine, injected into the free peritoneal cavity elsewhere, did not pass 
through the tract produced by the drain. In the presence of infection 
this “walling off” was taking place in a shorter period of time than in a 
normal peritoneal cavity. He also showed that in cases in which a drain 
was inserted the peritoneum harbored micro-organisms for a longer 


Fig 181. Sub^erous appendectomy. Peeling out the mucous tube of the appendix. 

period of time than the peritoneum in nondrained cases. The work of 
other investigators showed that a drain, acting as a foreign body, lowers 
the immunity of the peritoneum against infection. It also causes definite 
pressure on the surrounding small hovels which diminishes the peristal- 
sis or increases the stasis of the intestinal contents, thus increasing the 
toxicity of the patients. Some investigators showed that when the drain 
is inserted a profuse purulent discharge from such a wound is observed. 
This is not formed from within the peritoneal cavity but from the sup- 
puration of the abdominal wall. From there it collects along the drain- 
tract into the depth of the abdominal wound, thus aggravating, instead 
of clearing, the infection. Other investigators described the occurrence 


500 


URGENT SURGERY 


of early and late postoperative herniae. In some cases pressure-necrosis 
of the intestinal wall produced a fecal fistula and in still other cases 
secondary intra-abdominal abscesses were formed. 

All these facts are responsible for an increase in immediate postopera- 
tive mortality and in late morbidity. Indeed, there are statistical data 
comprising thousands of cases which show that mortality is eonsider- 
ably lower in those cases of equal gravity in which no drains were placed 
and the abdomen was closed blindly. Thus it is evident that in the case 
of a gangrenous or perforated appendix or when turbid exudate is pres- 
ent in the free peritoneal cavity the abdominal cavity should not be 
drained. Whenever the appendix is removed and the peritonization of 
the damaged area is accomplished no drain should be inserted. If how- 
ever, there is an abscess formation, or the appendix cannot be removed, 
or peritonization of the affected viscus cannot be accomplished, the ab- 
dominal cavity should be drained. However, the muscular and fascial 
layers of the abdominal wall cannot combat infection as efficiently as 
the peritoneum does it. Therefore, whenever there is a suspicion that the 
abdominal wall has been contaminated, it is advisable after completely 
suturing the peritoneum to dust the thickness of the abdominal wall 
with sulfathiazole and then to close it. If the patient runs a temperature 
postoperatively we give him daily intravenously four grams of sulfa- 
thiazole or sulfadiazine or 300,000 units of penicillin. 

Management of Spreading Peritonitis 
By this term is meant a condition in which there is no tendency tow'ard 
localization of the inflammatory process but only a portion of the peri- 
toneal cavity in the vicinity of the appendix and cecum is inflamed. 
In such cases after the abdomen is opened one finds that the serosa 
covering the small bowel is still shiny, the walls are not edematous and 
the abdominal cavity may or may not contain seropurulcnt material. 
When there is a spreading type of peritonitis, we remove the appendix. 
All raw surfaces are peritonized and we close the abdomen without 
drainage of the peritoneal cavity. If the abdominal wall has not been 
contaminated, we close it in layers by a series of interrupted sutures. If 
we suspect that we have contaminated the abdominal wall, we dust it 
with sulfathiazole powder and close the wound. If the patient runs a 
temperature we administer daily intravenously four grams of sulfa- 
thiazole or sulfadiazine or 300,000 units of penicillin. 

Management of Diffuse Peritonitis 
If a picture of diffuse peritonitis is present, it is not advisable to 
operate. There is ample statistical proof that such patients do consider- 
ably better by means of conservative treatment, namely, by decompres- 
sion of the stomach and small bowel by continuous suction (Wangensteen 



APPENDICITIS 


501 


method), intravenous administration of sulfa drugs and penicillin and 
hypodermic administration of morphine. This drug not only diminishes 
pain but also, taken in moderate doses, increases peristalsis, thus dimin- 
ishing intestinal stasis. The latter increases toxicity which is one of the 
chief causes of death in peritonitis. The intravenous injection of 3,000 or 
4,000 cc. of normal salt solution with 10 per cent glucose prevents de- 
hydration. It is also advisable to decompress the colon by inserting a 



Fia. 182. Management of appendicular abscess. Extreme care should be taken not to 
break the wall of the abscess. 


rectal tube. Some surgeons recommend appendicostomy or cecostomy. 
However, we prefer not to operate at all and to treat the condition con- 
servatively; but if the abdomen has been opened because the extent of 
pathology had not been clear without laparotomy and diffuse peritonitis 
bad been found we do a cecostomy according to the Witzel method. This 
treatment is discussed in more detail in the chapter on peritonitis. 

Management of Appendicular Abscess (Figs. 182, 183, 184) 

There is a great deal of controversy in regard to the management of 
appendiceal abscess. One reason for this is the confusion caused by the 
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name. Some apply the term “abscess” to a conglomerate of bowels which 
properly should be called “mass formation." Others call an abscess a 
well walled-off mass in which suppuration has taken place and which 
consists of pus and debris. 


m 1S3. Drainage of appendicular ab'Cesi (After Boslj-Arana). 


We believe that any ma's in which no pus is present should be called 
“infiltrate" or "a mass formation" and reserve the name “abscess" to a 
conglomerate which actually contains pus. The treatment differs de- 
pending on whether we deal with an “infiltrate” or with an “abscess." 
In the case of an infiltrate, we believe in treating the patient con e erva- 
tively. 

The patient should be placed in Fowler's position. For the first three 
days nothing should be given orally and normal salt solution with 10 
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per cent glucose should be given intravenously; then liquids may be 
added by mouth. Sulfa drugs and penicillin should be given intra- 
venously from the very first day. Morphine should be administered and 
a rectal tube inserted in case of gas pain. Cold applications or ice bag 
should be applied to the abdomen. With this method of treatment the 
infiltrate in the majority of cases disappears within seven to fifteen days. 
However, in other instances it does not disappear but becomes larger and 



Tig. 184. Management of appendicular abscess. Left. Possibility of breaking the in- 
testinal wall of the abscess with formation of a fecal fistula. Right. Possibility of breaking 
the wall of the abscess between two loops of bowels with production of fatal general 
peritonitis 

may fluctuate. Then it is time to open and drain the abscess. It may 
point to the anterior abdominal wall and then is opened by incising that 
wall. If it gravitates to Poupart's ligament, it may be opened retroperi- 
toneally by an incision parallel to that ligament. If the abscess is formed 
in the pelvis, it will gravitate downward and may rupture either through 
the anterior rectal wall or through the vagina. If the abscess descends 
but does not open spontaneously, it should be opened by incising the 
anterior rectal wall after the presence of pus has been ascertained by a 
needle inserted into the anterior wall of the rectum; a bistouri is inserted 
along the needle. As soon .as the opening is made through the anterior 
wall of the rectum an artery forceps is introduced, the blades are opened, 
pus is evacuated and a small Penrose drain is introduced. 

If the abscess is localized in the right iliac fossa, it should be opened 
at the point of the highest protrusion. Extreme care should be taken not 
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to enter the general peritoneal cavity while approaching the abscess or 
Inter by breaking the abscess from inside (Fig. 182). When the abscess 
is opened, one should not search for the appendix. If the appendix 
presents itself and is easily delivered, it may be removed, otherwise a 
few Penrose drains or two medium si 2 e rubber tubes should be inserted 
(Fig. 183). We stress particularly the danger of making a rough digital 
examination of the abscess-cavity on account of the possibilities either 
of breaking through the wall of a loop of bowel, which served as a wall 
of the abscess cavity, thus producing a fecal fistula or, what is even 
worse, of breaking the wall of the abscess cavity between two loops 
of bowel, thus entering the free peritoneal cavity and producing peri- 
tonitis (Fig. 184). We advise a bacteriologic examination of the pus. 
since it has a fairly reliable prognostic significance. If the pus contains 
Bacillus colij the prognosis is fair; if it contains streptococci, the prog- 
nosis is worse; and if Bacillus Welehii are found, the condition is grave. 
The operative procedure should be followed by administration of sulfa 
d nigs or penicillin. 

Appendicitis in Children 

Acute appendicitis in children is less frequent than in adults. When 
speaking of children, we mean people up to thirteen years of age. It is 
very raie under the age of two. Griffith, in 1901, was able to collect only 
fifteen cases from the literature and Abt, in 1917, eighty cases under the 
age of two. From the age of five it increases considerably and this in- 
crease is noted with each additional year, reaching the maximum at the 
age of thirteen. We do not wish to imply that after the age of thirteen 
it diminishes in frequency, which is not the case: but after this age it 
belongs to the group of adults. A review of large statistics shows that 
the incidence of acute appendicitis up to five years of age comprises 
about 10 per cent of all cases in children and from five to thirteen years 
90 per cent. In comparison with adults, statistics reveal that children 
from one to five years of age constitute slightly above 1 per cent of all 
cases of appendicitis and from five to ten years, 4.3 per cent. 

Symptomatology. After the age of five, the symptoms are essentially 
the same as in adults. Pain, nausea and vomiting, tenderness, rigidity, 
elevation of temperature and leukocytosis are manifested along the 
same lines as in adults. However, appendicitis in children is a more seri- 
ous problem than in adults for the following reasons: 

It is difficult to elicit a good history, physical examination is more 
difficult and very’ often cathartics arc given by parents before they visit 
the doctor. In addition to these difficulties there are definite anatomo- 
physiologic drawbacks: The wall of the appendix is very' thin and is 
liable to perforate more readily' than in adults; the blood Mipply is in- 
adequate, thus enhancing gangrene of the appendix; the omentum is 
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short and thin and, therefore, is not as useful for “walling off” the in- 
flamed area from the rest of the peritoneal cavity as in adults. All these 
factors explain the high mortality in children. A statistical survey made 
of a large number of cases shows that the mortality rate among children 
below two years of age is about 25 per cent, from three to five years 15 
per cent, from six to ten years 8 per cent and for the entire group it is 
about 10 per cent. Diagnosis in the majority of ca^es is easy, yet at 
times it presents insurmountable difficulties. One has to exclude acute 
infectious diseases, notably scarlet fever and measles, which may mani- 
fest themselves by vomitus, abdominal pain, rigidity, elevated tempera- 
ture and leukocytosis. 

Pneumonia, pyelitis and acute gastroenteritis from time to 
time are diagnosed as acute appendicitis. Intussusception occasionally is 
mistaken for acute appendicitis with “mass-formation.” 

Acute mesenteric lymphadenitis has also been confused with acute 
appendicitis. 

The symptoms offer a striking resemblance to appendicitis: pain, 
tenderness, rigidity, mostly in the right lower quadrant, slight fever, 
leukocytosis of 15,000 to 20,000 with increased polymorphonuclear. 1 ?. 
Occasionally, a differential diagnosis can be made before the operation, 
namely, under an anesthetic a chain of lymphatic glands can be pal- 
pated. Only after the abdomen has been opened does one find a normal 
or slightly inflamed appendix with a chain of enlarged lymphatic glands. 

Treatment is essentially the same as in adults, with this probable dif- 
ference that the indication for entering the abdomen as soon as the child 
is seen, irrespective of the length of time elapsed after the onset, is more 
imperative than in adults in whom the time limitation for operative 
intervention should be adhered to more strictly. However, if a mass is 
palpated in the abdomen, conservative treatment should be employed. 
As children stand operative shock and hemorrhage poorly, it is im- 
portant to prepare them preoperatively. The intravenous infusion of 
saline and glucose before and after operation is very important. 

Appendicitis in the Aged 

We consider all cases of appendicitis occurring in people after fifty 
as appendicitis of the aged. The older the age group, the less frequent 
is the incidence of appendicitis and the higher is the mortality. Thus, 
between the ages of fifty and sixty appendicitis occurs in about 2.7 per 
cent and between sixty and seventy in about 0.7 per cent. It is more 
serious than in adults or in children. There is a male preponderance of 
almost 2 : 1 over the female and the mortality ratio is even larger. The 
mortality rate is considerably higher for the group between fifty and 
sixty years reaching about 15 per cent, and 30 per cent for the group 
between sixty and seventy. 
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There are several reasons which account for this high mortality. To 
begin with in old people appendicitis is mostly of the vascular type and 
has not an infectious or occluding the lumen of appendix origin as is 
usually the case in young people. It is the occlusion of the appendicular 
artery which causes appendicitis. As a sequela of vascular occlusion, 
massive gangrene of the entire appendix occurs and it takes place in a 
very short time. Only after this occurs do inflammatory symptoms ap- 
pear, which force the patient to seek medical aid. In about 75 per cent of 
all cases the appendix is gangrenous within twenty-four to forty-eight 
hours after the onset, it is of the massive variety and about 30 per cent 
of them have already perforated. As the origin is mostly vascular the 
tendency to produce occlusion along the veins is great. Very often on the 
operating table one sees the spreading of the inflammation along the 
ileocecal vein; in more extensive cases, of the superior mesenteric vein, 
and in some ca<-es of the vena porta-pylephlebitis with single or, more 
frequently, multiple abscesses of the liver for which Dieulafoy long ago 
coined the name of “appendicular liver.” 

StmptomaTologt. The symptoms are not as characteristic as they 
are in younger adults and the pathological picture in the first seventy- 
two hours is far graver than the clinical picture. Pain may be insignifi- 
cant and may not localize for days, if ever; vomiting may be absent and 
it may precede pain; the temperature may be normal or even subnor- 
mal. Rigidity is present in about 40 per cent, Blumberg’s sign in about 
50 per cent and Rovsing’s sign in 40 per cent. Such patients do not con- 
sider themselves very ill and often will have taken cathartics once or 
repeatedly before seeing a doctor. The leukocyte count in the average 
case is less than 15,000 and polymorphonuclear cells are less than 80. 
There is a general opinion that ability to form adhesions is poor in old 
people. We think that this is not the case; we believe on the contrary 
that it is good, but the process of “walling off” does not take place as fre- 
quently as in adults due to the rapidity of gangrene development so that 
there is not enough time for “walling off." Therefore, the diffuse peri- 
tonitis is present in about 15 per cent of the aged operated upon uifhin 
forty-eight hours after the onset. Here, as in any other group, the clo«e 
relationship between the mortality and the time of the operation is 
clearly seen. While the mortality for all cases of appendicitis is about 2.9 
per cent if operated upon within twenty-four hours after the onset, it is 
about 10.5 per cent for the group above fort 3 ’, and while the mortality 
is 4.G per cent for the entire group operated after forty-eight hours, it is 
about 13 per cent for the group of over forty. 

The French authors for many years divided appendicitis of the aged 
into four groups: catarrhal, gangrenous, pseudoneoplastic and pseudo- 
occlusive; in other words, it occurs as catarrhal or gangrenous appen- 
dicitis, or may simulate neoplastic disease of the cecum or intestinal 
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obstruction. The reasons for the pseudo-neoplastic and pseudo-occlud- 
ing varieties are simple: Infiltration or mass-formation due to ap- 
pendicitis has already taken place before the patient seeks medical 
aid, typical symptoms of appendicitis are absent and the surgeon, feel- 
ing a mass, certainly thinks of carcinoma, or hearing of difficulty in 
passing gas thinks of intestinal occlusion. Among the erroneous di- 
agnoses made (and these occur in old age in about 40 per cent) are 
biliary colic, renal colic, carcinoma of the large bowel and intestinal 
obstruction. The latter two diagnoses are made particularly often be- 
cause the patient applies for aid in the stage of infiltration w hen acute 
symptoms, if they have been present, have already disappeared. 

The most frequent cause of death in old people is peritonitis, then 
pneumonia, cardiac and cardiorenal disease, pylephlebitis toxemia, 
paralytic and mechanical ileus, and cerebral hemorrhage. 

Treatment. If early operation is important in any age, it is particu- 
larly important in old age, because the pathologic change develops 
extremely fast due to vascular occlusion, and gangrene of the appendix 
with perforation occurs early. If a mass is palpated, conservative treat- 
ment should be employed. 

In the presence of local or of diffuse peritonitis the management is the 
same as discussed under the titles: “Management of Spreading Peri- 
tonitis” and “Management of Diffuse Peritonitis.” 

Appendicitis in Hernia 

Acute inflammation of an appendix situated in a hernial sac presents 
different clinical pictures and for this reason the diagnosis is extremely 
difficult. Suffice it to say that nearly all patients with acute appendicitis 
in a hernial sac were operated upon because of a diagnosis of strangulated 
hernia and the finding of an acutely inflamed appendix was rather an 
unexpected surprise. This incidence does not occur often, approximately 
in about one-half of 1 per cent of all cases of strangulated herniae. The 
appendix is found most frequently in the right inguinal hernia and less 
frequently in the right femoral hernia. However, cases have been re- 
ported in which the appendix was found in the left inguinal and in the 
left femoral hernia, evidently when the cecum has been extremely 
mobile. The appendix may rest in a hernial sac for years without giving 
any symptoms. It may become strangulated in a hernial sac together 
with the rest of the hernial contents. The appendix may not be strangu- 
lated, while other contents of the sac are, and again the appendix may 
be the sole contents of the hernia and become strangulated. 

Therefore, since the presence of the appendix in the hernial sac is 
possible, one should remember this if the previous history states repeated 
pain of short duration in the hernia, which is accompanied by moderate 
elevation of temperature and no strangulation. 
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Physical findings will show elevated temperature, occasionally edema 
and redness of the scrotum, soft, not distended abdomen and pain in the 
entire hernial mass, whereas with a strangulated hernia there will be 
symptoms of obstruction, pain only in the hernial ring, pain radiating 
to the umbilicus and normal temperature, at least during the first few 
hours. The dangers connected with this tj r pe of hernia are evident, since 
the surgeon may try to reduce it and by manual applications may rup- 
ture the appendix. 

The treatment consists of appendectomy and herniotomy. 

Retrocecal Appendicitis 

The question of retrocecal appendicitis does not attract as much at- 
tention as it deserves. There is not only lack of unanimity in the presen- 
tation of the clinical picture but even in the definition of a retrocecal 
appendix. Some consider the appendix to be retrocecal if the proximal 
portion of it is behind the cecum, irrespective of the position of its dis- 
tal portion; others consider the appendix to be retrocecal only in those 
cases in which it lies in its entirety behind the cecum, irrespective of 
whether the cecum is movable or immobile; still others consider it retro- 
cecal only if it lies behind the immobile cecum and colon and in order to 
expose it, it becomes necessarj' to mobilize the cecum. Depending on the 
interpretation of the term retrocecal, statistics differ as to the frequency 
of its occurrence. This will also account for the different description of 
symptomatology as given by different investigators. It is evident, that 
in those cases in which the appendix is considered retrocecal when only 
its pioximal portion lies behind the cecum, the symptoms m ill not differ 
from cases of appendicitis of thenon-retrocccal type, whereas the symp- 
toms will be different when the appendix lies in toto behind ail immobile 
cecum or colon ascendens. In our own statistics published in 1032 rela- 
tive to the frequency of its occurrence we considered an appendix retro- 
cecal if it lay in toto behind the cecum or colon, so that it was not seen 
until tlic cecum was misplaced; however, we did not consider it neces- 
sary that the cecum be immobile, so that for exposure of the appendix 
it w ould not be necessary to mobilize the cecum or colon. In other words, 
we consider the appendix retrocecal as long as it lay in its entire length 
behind the cecum or colon, irrespective of whether it was intraperito- 
neal or retroperitoneal. With this definition we found a retrocecal appen- 
dix present in 9 per cent of all cases. 

Clinically, retrocecal appendicitis is characterized by grave symptoms 
due to great pathologo-anatomical changes, by the variety of complica- 
tions, technical difficulties met with in the removal of the appendix and 
by the more serious postoperative course. 

The location of the appendix in the retroperitoneal space (if it happens 
to he this type), plastering to the wall of the cecum, and close proximity 



of the ureter, kidney or liver, clearly explain the gravity of complications 
and the resemblance of some other diseases. As a rule, the blood supply 
to the appendix in a retrocecal position is poorly developed; this is the 
reason why so often .retrocecal appendicitis is accompanied by gangrene 
and perforations. 

Symptomatology. In retrocecal appendicitis one may encounter all 
the symptoms characteristic of inflammation of a normally situated ap- 
pendix; however, they arc not as constant and not as pronounced. Pain, 
nausea and vomitus, tenderness and rigidity are less pronounced but in 
most cases are present. The pulse and temperature do not show any 
deviations from cases of inflammation of normally situated appendices. 
However, retrocecal appendicitis occasionally presents a few additional 
symptoms not found in normnl appendicular cases. There may be pain 
in the lumbar region between the twelfth rib and the crest of the ilium 
just lateral to the musculus erector trunci; occasionally there is tender- 
ness over the trigonum of Petit; sometimes there is pain in case of over- 
extension of the right thigh. Pain in micturition and frequency of urina- 
tion are observed from time to time. Occasionally the patients complain 
of radiating pain into the right lower extremity. V. T. Williams reported 
a sign which may be valuable in the diagnosis of acute retrocecal appen- 
dicitis, namely, if the patient is placed in a prone position, the tenderness 
in the lumbar region decreases and in the right lower quadrant it in- 
creases, as contrasted with the tenderness experienced when the patient 
lies on his back. 

Another sign which proved to be of great value in making a diagnosis 
of retrocecal appendicitis is the sign of Kcrangal: If the patient is placed 
on the left side and palpation is applied to the right iliac fossa, there 
will be an increase in pain, which otherwise is either slight or altogether 
absent. This is explained as being due to the dropping of the cecum 
forward and downward, thus exposing the appendix which is then di- 
rectly compressed by palpation. However, this sign will not work when 
the cecum is immobile, which occurs in 20 per cent of all cases. 

As this form of appendicitis is accompanied more frequently by gan- 
grene and perforations, immediate operation is indicated even more than 
in inflammation of normally placed appendices. 

Technic. The incision should be of the gridiron type but placed closer 
to the anterior superior iliac spine than is usually done. If after opening 
the abdomen the diagnosis of a retrocecal appendix is confirmed, the 
incision is enlarged (if it was not adequately large) by prolonging it 
upward and lateralward ; the cecum is mobilized if it is a case of an im- 
mobile cecum, or just turned medialward if it is a mobile cecum. The 
next step depends on whether the appendix lies on the posterior ab- 
dominal wall or on the posterior cecal wall. If it lies on the posterior 
abdominal wall, the technic of removal is simple; if it is plastered against 



lemoval when the appendix is plastered against the posterior cecal wall 
is as follows: The visceral peritoneum is cut on the wall of the cecum 
parallel to the appendix for a distance of half an inch; a curved forceps 
is introduced through this slit behind the appendix and between it and 
the wall of the cecum and the appendix is then separated from the 
cecal wall; then the visceral peritoneum, which binds down the appendix 
to the wall of the cecum, appears in marked relief and can easily be cut 
from the cecum without the danger of injuring its wall. 

Drainage in the intraperitoneal type of appendicitis follows the 
same principles as those in the normal type. However, if the appendix lies 
letroperitoneally and is gangrenous, it is better to close the posterior 
parietal peritoneum and pass a Penrose drain through a lumbar incision. 

Among the complications which arise in this position of the appendix 
(and they arise more frequently than when the appendix is in a normal 
position) are abscess of the Douglas pouch, ileus, paranephritis, pneu- 
monia, pleurisy and pylephlebitis. The mortality rate is about twice as 
great as that for appendicitis with the appendix in a normal position. 

Appendicitis in Pregnancy 

Acute appendicitis in pregnancy is usually seen in the early month*. 
It is considerably rare in the late months of pregnancy; however, cases 
immediately preceding labor and also in puerperium have been reported 
from time to time. Acute appendicitis developing during labor is also 
rare. Records .show that more than 80 per cent of all cases of appendicitis 
in prcgnanc 3 ' are seen before the sixth month. 

This condition is very dangerous for many reasons. To begin with, 
it is more difficult to make an early diagnosis. A physician is apt to con- 
sider that all the symptoms are due to disturbances in pregnancy, and 
when there is a suspicion of appendicitis, there is a tendency to delay 
the operation. If, finally, the operation is decided upon, technical diffi- 
culties of appendectomy arise. All these factors, namely, difficult diag- 
nosis, delay in operative intervention and technical difficulties increase 
the mortalitj’. Some surgeons who have had experience with this type of 
case claim that acute appendicitis in pregnancy progresses rapidly and 
has a tendency toward early perforation, and for this reason the patient 
should be operated upon immediately after the diagnosis is made. 

When the appendix perforates and forms an abscess, the gravid 
uterus usually forms one of its walK If miscarriage takes place, the 
uterine contraction facilitates the rupture of the abscess with ensuing 
general peritonitis. The incision should be the gridiron type but made 
larger and higher than the typical McBumey incision. 



Left-sided Appendicitis 

This occurrence is comparatively rare. Up to 1935 seventy-three ca«es 
of this type were reported. In about two-thirds of this group (forty- 
eight cases) the entire appendix was situated on the left side. Of this 
group of forty-eight cases, thirty-four showed complete transposition of 
the viscera (situs viscerum inversus totalis, that is, all structures oc- 
cupied a transposed position as in a mirror, the right liver lobe lay to the 
left of the falciform ligament, and the left liver lobe to the right of the 
same ligament; the gallbladder lay to the left of the falciform ligament, 
the stomach to the right of the spinal column, the pylorus was directed 
to the left, the pyloroduodenal junction lay to the left of the spinal 
column, and the cecum and appendix were in the left iliac fossa.) In 
twelve, only a partial transposition of the viscera occurred (situs viscer- 
um inversus partialis, in which only some of the structures occupied 
the “mirror” position). Two cases were of the mesenterium commune 
type in which all small bowels lay to the right of the spinal column and 
all the largo bowels to the left. 

However, in one-third of all cases in which the appendix occupied a 
left-sided position, there was no situs inversus but pathological processes 
pushed the cecum and the appendix to the left so that both of them or 
only the appendix reached the left iliac fossa. Occasionally, the cecum 
will lie in the normal position but the appendix is very long, bridges over 
the pelvis and reaches the left iliac fossa. 

The clinical picture varies greatly. In total transposition of the viscera 
the pain, tenderness and rigidity may be on the left side. However , when 
the appendix is on the left side, but its base is on the right side where the 
cecum lies, the pain, tenderness and rigidity may be bilateral with pre- 
dominant pain on the right side. The diagnosis of a left-sided appendi- 
citis is extremely difficult which is attested to by the fact that in more 
than 90 per cent of left-sided appendicitis the abdominal incision was 
made on the right side and it was necessary to make another incision on 
the left. 


Symptomatic Appendicitis in Supposedly Congenital 
Absence of the Appendix 

Cases have been reported in which the patient presented typical 
symptoms of appendicitis in which a laparotomy was performed and 
no appendix was found. The abdomen was closed and later the patient 
again had attacks of appendicitis. We firmly believe that these were not 
cases of congenital absence of the appendix but a rare type in which the 
appendix lay behind the visceral serosa of the wall of the cecum or, in 
other words, the surgeons who met such cases were dealing with a truly 



room, but came across such a condition twice on the dissecting table. 
In both these cases there was an immobile cecum and a Lane kind pres- 
ent. The presence of a Lane kink enabled us to decide beforehand that 
we were dealing with a retrocecal appendix and that it was necessary 
to mobilize the cecum in order to see the appendix. After mobilization of 
the cecum (Fig. 170) no appendix was seen or felt. Incising the serosa on 
the posterior wall of the cecum at the level of the ileocecal junction 
about one-half an inch from it, we found in both of these cases an ap- 
pendix normal in length and diameter, curled in the form of a semicircle 
and of a normal consistency (Fig. 172). We firmly believe that the same 
position of the appendix can account for a definite number of reports 
of a “congenital absence of the appendix” not only not found on the 
operating tabic, but even for cases not found on the dissecting table. 
We presume that at least some of the specimens carefully preserved in 
museums as specimens of a cecum with an absent appendix have a nor- 
mal appendix completely covered by the serosa of the cecum. 

Chemotherapy and Serotherapy in Appendicitis 

Serotherapy consists of the subcutaneous or intramuscular injection 
of different serums. It should be understood that this is not done to re- 
place surgery but is done only when surgery is already contraindicated 
as for instance when ma« formation is present or general peritonitis 
has developed. Many surgeons in France and some of us in this country 
have successfully used Weinberg's antiperitonitic serum. This is a com- 
bination of the polyvalent antigangrenous serum, anticolibacillus serum 
and serum of other bacilli, such as enterococci, streptococci, Bacillus 
ramo'us, Bacillus funduliformis, Bacillus fusiformis, Staphylococcus 
parvulus, etc. The serum is injected subcutaneously or intramuscularly. 
The amount of serum used is about 80 to 100 cc. for each injection. This 
portion is diluted in 250 cc. of normal salt solution and the entire amount 
is injected. A second dose of the same amount is injected twenty-four 
hours later and the third doses in the following twenty-four hours. How- 
ever, with advent of chemotherapy (sulfa drugs), and penicillin, sero- 
therapy is not much in use. Sulfa drugs and penicillin are used not only 
when surgery is contraindicated, but also as supplement to surgery. 

Traumatic Appendicitis 

By traumatic appendicitis is meant inflammation of the appendix due 
to injury by some external force. There is no unanimity among the stu- 
dents on the subject as to whether or not traumatic appendicitis exists 
as a clinical entity. Three opinions on the matter are prevalent: One 
considers that there is no such entity as traumatic appendicitis and re- 
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gards occasional attacks of appendicitis following an injury as a mere 
coincidence. Another opinion is that the injury exacerbates a previously 
dormant, inflamed appendix but denies the possibility that an injury 
may produce inflammation of an appendix otherwise normal. The third 
opinion is that it is possible to produce appendicitis by an outside force, 
and this opinion is gaining more and more recognition. 

The trauma may be direct, such as a blow to the abdomen, a kick 
or a fall on the abdomen, pinioning it against a fixed object. Indirect 
trauma is produced by a Btrong action cither of the muscles of the ante- 
rior abdominal wall or of the psoas major muscle. 

While the mechanism of wounding the appendix by a direct force is 
clear, although it is very infrequent, the mechanism of an indirect 
trauma is not clear. The most accepted theory of the pathogenesis of 
traumatic appendicitis by an indirect force is that this force compresses 
the cccum and forces its contents into the appendix. This forced con- 
tents may break and injure the mucosa of the appendix and serve as a 
starting point of appendicitis; if the appendix has a normal sized lumen, 
it will free itself from this contents by emptying them back into the 
cecum. If, however, chronic pathologic conditions arc present, such as 
angulating adhesions, scars and particularly coproliths, the contents can- 
not evacuate; there is defective drainage of the contents, bacterial 
growths take place and acute appendicitis develops. Indeed, in many 
cases of traumatic appendicitis fecaliths are found at the time of 
operation. 

Howard Kelly, in his classical book, “The Vermiform Appendix and 
its Diseases,” recorded fifty cases of traumatic appendicitis collected 
from the literature. Out of 1,260 cases of acute appendicitis treated in 
Charity Hospital in New Orleans over a three year period Urban Maes 
was able to find only six cases of traumatic appendicitis or less than one- 
half of 1 per cent. However, some surgeons believe the incidence of 
traumatic appendicitis to be considerably higher, namely, up to 5 per 
cent, and a great number of cases have been reported here and abroad. 

The clinical picture of traumatic appendicitis is the same as that of a 
non-traumatic origin, the only difference being that it starts immediately 
after a force has been applied to the abdomen directly or indirectly. The 
diagnosis and treatment are of course the same as in any other case of 
acute appendicitis. 

Comparative Data of Incidence, Course and Prognosis 
of Acute Appendicitis in Two Sexes 

Whether there is a preponderance of incidence in either sex is debat- 
able. In the statistics of old authors the preponderance of the female 
over the male is considerable. Later, other statistics were published 
showing a male preponderance over the female at the ratio of GO to 40, 
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Recently, pome statistics attempted to show that there is no difference 
in incidence in either of the sexes. 

As far as gravity of the course is concerned, numerous statistics show 
that up to the age of fifteen and after the age of forty the gravity and 
mortality are about the same in both sexes; but between the ages of 
fifteen and forty the course is graver and the mortality is higher in men, 
the death rate being about three times as high as that in the female (3 
per cent and 1.12 per cent, respectively). This cannot be explained by 
the fact that light cases occur more frequently in women than in men, 
because cates of equal gravity also produce a higher mortality in men. 
There is a tendency to explain this by the greater defensive power in 
women who'-c pelvic peritoneum has cyclic hyperemia in the time of 
menstruation and also greater acquired immunity to infection due to 
the constant communication of the peritoneal cavity with the outside 
world through the tubes, uterus and vagina. 

The process of "walling off" the pathological appendix from the rest 
of the peritoneal cavity is ten times more frequent in women than in 
men, that is. formation of an infiltrate or of a "mass formation." This, 
of course, diminishes the chances of general peritonitis. In pelvic ap- 
pendicitis the uterus and adnexa often sene in "walling off" the 
ab'scea^. 

When to Rise 

The question of early rising was discussed by us in the chapter on 
laparotomy to which we refer the reader. In appendicitis, if the patient 
has been operated upon under local anesthesia and a McBurncy ineirion 
lias been made, he may ri«e from the bed within the first twenty-four 
hours. As a matter of fact a great number of cases have been reported 
in which the patients were allowed to walk directly from the operating 
table if t he operation was performed under local anesthesia, or in twenty- 
four hour? if it was done under spinal anesthesia. In those case* in 
which the abdomen is drained the patient remains in bed for eight days 
or more depending on the progress of the disease. 

Preoperative and Postoperative Management in Appendicitis 

Preoperative care is very simple. Morphine with atropine is given as 
a baric anesthetic preliminary to general anesthesia, or morphine with- 
out atropine in ca fc e of spinal or local anesthesia. No enema should be 
given preliminary to the operation. 

Postoperative management varies much more than preoperative, de- 
pending on the type of pathology found at the time of operation and 
the complications which develop postoperatively. In uncomplicated ap- 
pendicitis we give the patient from 2,000 to 3,000 cc. of normal salt solu- 
tion a>« hypodermoclysis or venoclysis. In some patients, as indicated 
below, we add 3 per cent glucose in case of hyp o d erm ocl y.ri « or 10 per 
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cent glucose if given as venoclysis. Nothing is given orally for the first 
twelve hours and only sips of warm water in the second twelve hours. 
After twenty-four hours we allow two ounces of liquid every two hours 
and keep giving 2,000 cc. of normal salt solution with or without glucose 
hypodermically or as venoclysis during the second twenty-four hours. 
On the third postoperative day the patient is given four ounces of liquids 
every three hours and the hypodermoclysis is discontinued. On the 
fourth postoperative day the patient is placed on a soft diet. This man- 
agement is carried out when we keep the patient in bed for several days 
after the operation. If, however, we allow the patient to rise twelve or 
twenty-four hours after operation, we discontinue the hypodermoclysis 
before the patient leaves the bed. 

Sedatives aro given during the first and second days to diminish pain 
and a rubber tube is inserted in the rectum in case of gas pain. 

On the second day the patient is permitted to sit in bed and on the 
third on a chair, provided that the abdomen was opened by McBurney 
incision. Stitches are removed on the ninth day. 

However, when complications arise such ns sepsis, peritonitis, ileus, 
abscess or prostration, these require special attention. Penicillin and 
sulfa drugs are given. Sulfa is given up to four grains daily and penicillin 
up to 300,000 units daily. Dehydration has to be fought against .and 
fluid balance preserved. The intravenous or hypodermic injection of fluid 
is of great value. In normally progressing cases about 2,500 cc. of water is 
lost by respiration, evaporation and excretion of urine, but those who 
have high fever, rapid respiration and perspire freely lose considerably 
more. This amount should be replaced and in addition more should be 
added to make up for the lack of fluid in patients already dehydrated. 
This is the reason, why the amount of fluid injected may reach up to 
3,000 cc. In cases in which a large amount of fluid has been injected 
it is important to study the degree of concentration and the chloride 
level of the circulating blood in order not to overload the circulatory 
system. Examination of the urine in regard to specific gravity, presence 
of acetone and diacetic acid will indicate whether more salt or glu- 
cose is required and when an adequate amount of fluid has been fur- 
nished. 

Distention of bowels should be combated. If it is moderate, ab- 
dominal poultices are sufficient and in case of gas pain, a rectal tube is 
inserted. In more pronounced cases prostigmine should be given — 1 
ampule every two hours until distention disappears. In paralytic ileus 
suction through a nasal catheter should be employed. The finding of 
considerable peritoneal infection at the time of operation is a positive 
indication for starting continuous suction drainage. 

Rest is of the greatest importance to the patient and no medication 
should be given to the patient while he is asleep. 
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Position. The horizontal position should be employed while the 
patient is in a state of anesthesia and after that Fowler's position, par- 
ticularly if there is diffuse peritonitis. 

Mortality in Appendicitis 

The frequency of death from appendicitis depends on a great many 
factors. Some of them are constitutional, such as the general resistance 
of each person afflicted, age, etc. Other factors are the severity of infec- 
tion, the time elapsed between the onset of the disease and the time of 
operation, the taking of cathartics, etc. All of these greatly contribute 
toward mortality but two are most important : the time elapsed between 
the operation and the onset, and whether the patient has taken cathar- 
tics. The influence that the time of operation has on the mortality is seen 
from the following table: 


Time of Operation 

Mortality 


Per cent 

Within 24 hours 

2.06 

Between 24-48 hours 

4.SS 

Between 48-72 hours 

6.67 

After 72 hours 

9.70 


In other words, the possibilities for death are twice as great if the patient 
is operated upon the second day, three times if on the third day and 
five times if on the fourth day as compared with tho«e operated upon 
the first day. That the taking of cathartics increases the chance of per- 
foration is attested to by many surgeons. 

Age. The older the patients the higher is the mortality, but as the 
number of patients afflicted with this disease decreases with advance- 
ment in age, the total number of deaths in old age is not great. Eighty 
per cent of all fatal cases occur between the ages of fifteen and forty. 

Postoperative wonTALiTT varies in different countries. In the United 
States it is about 5.74 per cent, in Europe 5.10 per cent. 

Causes of death in their order of frequency are: General peritonitis, 
circumscribed peritonitis, general septic infection, pneumonia and pleu- 
risy, liver abscess, thrombosis of the mesenteric or portal vein and sub- 
diaphragmatic abscess. Since the advent of sulfa drugs and penicillin, 
the mortality in appendicitis considerably decreased. 
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Chapter XIII 

Intestinal Obstruction 

By John R. Paine 
INTRODUCTION 

During the past ten years there has been a distinct change in the 
attitude of both surgeons and internists toward the problem of intes- 
tinal obstruction. The two main factors which have produced this 
changed attitude arc: (1) the proper appreciation of the fluid-electrolyte 
disturbance which accompanies obstructions of the small bowel, and 
(2) the elucidation of those mechanical factors which can be controlled 
by properly employed surgical procedures. 

No longer does the diagnosis of intestinal obstruction mean necessarily 
an emergency laparotomy. Moreover, no longer can the surgeon be satis- 
fied with the mere diagnosis of “obstruction.” Modern methods of treat- 
ment demand that the approximate site and degree of obstruction, and 
whether or not this obstruction is of a strangulating character, be de- 
termined. On the basis of this knowledge, the surgeon must then decide 
whether the best interests of the patient require an immediate operation, 
an operation of election after a day or two, or an attempt at conservative 
treatment. Thus, with increased knowledge has come increased re- 
sponsibilities. That these responsibilities are being met, at least in part, 
is indicated by the reports of decreased mortalities in relatively large 
series of cases which have begun to appear in the current medical litera- 
ture. This apparent decrease in mortality is the first evidence of im- 
provement in the treatment of this condition since the advent of aseptic 
surgical methods. 

Classification. Obstructions of the bowel may be classified in a 
number of ways. It is singularly important for purposes of treatment 
and prognosis to determine whether an obstruction is complete or 
partial. By a complete obstruction is meant an obstruction of the lumen 
of the bowel which completely prevents the passage of any gas, fluid or 
solid beyond it. A partial obstruction is represented by a narrowing of 
the lumen of the bowel so that its contents pass only with difficulty and 
after some delay at the site of the obstruction. Not infrequently a 
partial obstruction suddenly becomes complete due to the impaction of 
the fecal content or to edema of the bowel wall. 

It is extremely important to distinguish betu een a simple obstruction 
and a strangulated obstruction. In the broadest sense simple obstrue- 
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tions include those mechanical obstructions in which the blood supply to 
the bowel is not compromised as well as those obstructions due to 
nervous dysfunction of the musculature of the bowel wall. There may or 
may not, therefore, be an actual occlusion of the lumen of the bowel. 
The term, strangulation, connotes some obstruction to the blood flow 
through a segment of the intestine. The obstruction to blood flow may be 

TABLE I 

A Clinical and Pathological Classification of Intestinal Obstructions 
(after Wangensteen) 

Clinical Classification Pathological Classification 

I. Mechanical 

A. Narrowing of lumen 

1. Strictures of bowel wall 
a. Congenital: Atresia 

Imperforate anus 
b Acquired: Inflammatory 

Traumatic Simple except in neoplastic Htnc- 

Vascular ture« of the colon 

Neoplastic 

2. Obturation 

3. Compression from without, especially 

pelvis and retroperitoneal duodenum 

B. Adhesive bands 

1. Congenital 

2. Inflammatory Fimplc or strangulated 

3. Traumatic 
4 Neoplastic 

C. Hernia 

1. External 

2. Internal 

D. Volvulus Strangulate*! 

E. Intussusception 

F. Errors in development of the intestine 

II. Nervous (physiological) 

A. Inhibition ileus — (paralytic) Simple 

dynamic ileus 

B. Spastic ileus — dynamic ileus 

III. Vascular 

A. Thrombosis of me«enteric vessels Strangulated 

B. Embolism of mesenteric vessels 


in the arteries or veins, or in both. In addition there may or may not be 
an actual occlusion of the bowel lumen. In either event the transport of 
the bowel contents past this involved segment of bowel is interrupted. 
The obstruction may be due entirely to an absence of the normal peri- 
staltic movements in the infarcted segment of the intestine. The presence 
of an infarcted segment of bowel is of far greater immediate importance 
than the presence of an obstruction per «e. Whether the infarction be 
due to an occlusion of the veins or arteries is al«o of prognostic and 
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therapeutic importance, but such a distinction can not usually be made 
with any degree of certainty before operation. 

Most discussions of intestinal obstructions concern themselves with a 
clinical classification. Such a classification is anatomic in scope and indi- 
cates the various types of lesions producing the obstruction. Examples 
of such a classification are given in Table I. 

A comprehensive clinical and pathological classification has been given 
by Wangensteen and is repeated in Table I. This classification will be 
followed in general in the succeeding sections of this chapter. 

TABLE II 


Relative Incidence of Anatomic Causes of Intestinal Obstruction 



Scudder, Zwcmcr 
and Whipple: 
Presbyterian 
Hospital, 

New York 

VidgoU: Los An- 
geles County 
General Hospital, 
1925-1930 

Cornell: New 
York Hospital, 
1913-1930 

Total Cases 

2,150 

264 

235 

Hernia: External 

1,000 

49 

10 

Internal 

36 



Adhesions and bands 

573 

170 

110 

Volvulus 



16 

Small intestine 

156 

0 


Large intestine 

127 

4 


Intussusception 

69 

11 

36 

Callstones and foreign bodies 

17 

4 

4 

Mechel's diverticulum 

15 

2 

7 

Mesenteric thrombosis 

35 

0 

0 

Miscellaneous 

36 

0 

36 

Cause not determined 

SC 

0 

0 

Cancer 

not included 

22 

16(coIon) 


in scries 



Diverticulitis 

not listed 

2 

not listed 


separately 


separately 


Incidence. McCormick, in 1930, reported the results of a question- 
naire sent to twenty-two hospitals of one-hundred beds or more in the 
states of Indiana, Ohio and Michigan. He found that 1.93 per cent of 
01,401 abdominal operations were performed for intestinal obstruction; 
1.40 per cent were performed for primary obstruction; and .53 per cent 
were performed for postoperative obstruction. Mclver reported, in 1932, 
that .83 per cent of 39,936 surgical admissions to the Massachusetts 
General Hospital over a ten-year period were for intestinal obstruction. 
These figures give a fair estimate of the numerical importance of in- 
testinal obstruction as contrasted with other surgical conditions seen 
in the United States. 

The relative frequency of various types of obstruction varies a great 



522 


URGENT SURGERY 


deal in different parts of the world. Intussusception formed 45 per cent 
of 342 cases of acute intestinal obstruction recently reported by Todyo 
from Japan. In Eastern Europe the incidence of volvulus is well known 
to be greater than elsewhere. Perlman, in Russia, found that over onc- 
half of 215 cases of obstruction which he reviewed were due to this cau^e. 
In addition to these geographical variations others are found as existing 
between different surgeons and hospitals depending upon the character 
of the patients whom they serve. The relative frequency of the various 
anatomic types of obstruction in the United States can best be appre- 
ciated by the comparison of large reported series such as are given in 
Table II. Hernia and adhesive bands are by far the most frequent causes 
of intestinal obstruction in this country. 

The influence of previous abdominal surgery in the etiology of ob- 
struction has been pointed out frequently. Vidgoff found that 68 per 
cent of the patients in his series had had previous abdominal operation's. 
Other series such as Finney’s and Miller's showed that 50 per cent and 
24.2 per cent of patients, respectively, had had a previous laparotomy. 
These figures are reflected in the relatively high incidence of adhesive 
bands as a cause of obstniction. 

Pathological Physiology. The fundamental disturbance of the 
physiological activities of the body incident to intestinal obstruction is 
the stasis of fluid, feces and gas in that portion of the alimentary canal 
proximal to the site of the obstruction and the consequent development 
of distention. As a secondary effect the fluid and electrolyte balance of 
the body is altered. If the obstruction be long continued, other deleteri- 
ous effects are produced such as increase in the bacterial population of 
the bowel contents and increased permeability of the bowel wall. The 
extent and importance of these different factors vary with the site, 
character and degree of the obstruction. 

In those instances in which strangulation of a segment of the bowel 
occurs simultaneously or as a sequel to the obstruction other conse- 
quences must be considered. These are (1) the lo*s of blood into and out 
of the strangulated segment and (2) the development of peritonitis due 
to the migration of bacteria through a necrotic bowel wall. 

Distention - . The components of the distention in intestinal obstruc- 
tion are: (1) gas, (2) fluid and (3) feces. The relative importance of the^e 
components is subject to wide variation. In certain instance 5 , such as in 
partial obstruction of the colon, the accumulation of feces may account 
for the greater part of the distention. In complete obstruction, particu- 
larly of the small bowel, the accumulation of fluid and gas is the more 
important consideration. 

Gaseous Distention. The gaseous content of the intestine in the 
presence or absence of obstruction is derived from the following sources: 
(a) swallowed air, (b) chemical reactions incident to digestion, (c) bac- 
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terial decomposition of organic substances in the intestinal chyme and 
(d) diffusion from the blood stream. 

That portion of the gas derived from swallowed air is by far the 
largest. Mclver, Benedict and Cline, as well as Hibbard and others, 
have indicated this fact and it is now generally admitted that approxi- 
mately 70 per cent of all intestinal gas arises from this source. In the 
presence of obstruction, the portion of the gas due to bacterial action 
is increased and, due to stasis of the intestinal contents, there is an 
increase of the bacterial population. The relative amount of this gas, 
however, is small. The neutralization of the acid chyme of the stomach 
as it passes into the duodenum and upper portion of the small in- 
testine normally produces a variable yet relatively large quantity of 
of carbon dioxide. The importance of this in the production of the 
distention of obstruction must be questioned, however, because of 
the rapid diffusion of carbon dioxide through the mucous membrane of 
the intestine and because of the vomiting and reverse peristalsis which 
is usually present. Any collection of gas within the body tends to come 
into an equilibrium with the gases of the blood. Such an equilibrium 
involves the diffusion of gases into the blood as well as diffusion of 
gases out of the blood. It will, therefore, be apparent that the gaseous 
content of the intestine in the presence of obstruction is the resultant 
effect of many different factors operating simultaneously. 

Fluid Distention. Rowntrcc has estimated that about 7,000 ccm. 
of fluid in the form of digestive juices is normally secreted into the upper 
portion of the gastrointestinal tract each day. In the presence of obstruc- 
tion of the small bowel the opportunity for the absorption of this fluid 
in the lower ileum and colon is prevented to a variable degree. This is 
particularly true if the obstruction be high in the small intestine. If the 
obstruction is in the large bowel, the absorption of fluid may be only 
slightly deranged. In any event, however, the fluid content of the bowel 
is usually increased in the presence of obstruction, and partakes directly 
in the distention of the proximal bowel. In addition to the fluid secreted 
into the intestine any fluid which the patient may swallow 1 and retain 
after the onset of an obstruction also tends to increase the distention. 

Fecal Distention. Due to the rapid transit of chyme through the 
small intestine and because of its fluid content, the distention associated 
with obstructions of this portion of the gut is not greatly influenced by 
the mass of retained feces. In obstructions of the colon, however, and 
particularly in those complete obstructions which supervene on a slowly 
progressive partial obstruction and in certain neurogenic obstructions of 
the colon, retained feces may be a very important factor in the disten- 
tion which develops. 

Effects of Distention in Obstruction of the Small Intestine. 
Extreme degrees of distention produce a marked elevation of the dia- 
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phragm and may cause dyspnea and even cardiac embarrassment in 
some instances. The stomach is forced by the distention of the intestinal 
coils below it to assume a more horizontal position and is displaced to 
the right, sometimes quite appreciably. This fact must be borne in mind 
in the interpretation of roentgenograms of the abdomen taken for the 
purpose of diagnosis or to determine the position of indwelling suction 
tubes. 

Of more direct importance are the effects of distention on the wall of 
the gut. In the presence of distention the small bowel through the con- 
traction of its longitudinal muscle fibers shortens by approximately 25 
per cent. At the same time the weight of the bowel wall is increased by 
about 33 per cent. This increase in weight is due to edema and is mo^t 
noticeable directly above the point of obstruction. 

The formation of this edema is the direct result of an increased pres- 
sure within the lumen of the obstructed bowel. Such a pressure tends to 
collapse the capillaries in the wall of the bowel and causes a filtration 
of fluid into the tissues. If this pressure is of sufficient degree and persists 
long enough, the capillary circulation is decreased to such an extent 
that actual necrosis of small areas on the antiraesenteric border of the 
bowel occurs. Further effects of this nature are seen in those cases of 
simple obstruction which at operation are found to have relatively large 
quantities of free yellow opalescent fluid in the peritoneal cavity. At 
times this peritoneal fluid behaves as a mild irritant and leads to the 
mistaken diagnosis of probable strangulation. Also due to the edema, 
the tensile strength of the wall of the bowel is considerably decreased. 
This the author has noted at operation, and Sperling by actual measure- 
ment has found to be true. Furthermore, absorption from the lumen of 
the gut by way of the veins is decreased but absorption by way of the 
lymphatics is increased by distention. 

The pressure within the lumen of the obstructed bowel is increased. 
Owings, McIntosh, Stone and Weinberg have found that while in 
normal dogs the average mtraintestinal pressure is 2 to 4 cm. of water, 
the pressure in the obstructed small bowel is in the neighborhood of 8 cm. 
of water in the intervals between much higher pressures due to peristaltic 
movements. It has been determined by measurement in clinical cases at 
operation that the intraintestinal pressure in small bowel obstruction is 
usually 8 to 12 cm. of water. That such a degree of pressure, if long sus- 
tained, is capable of producing histological changes in the bowel wall is 
probable. 

Effects of Distention in Obstructions of tiie Colon. In most 
people the ileocecal valve acts as an effective check against the retro- 
grade passage of feces, fluid or gas, but permits these substances to pa«s 
into the colon from the ileum if sufficiently propelled by peristaltic 
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action. Therefore, in the presence of an obstruction of the colon a closed 
loop type of obstruction is formed with the distention which occurs, and 
its effects remain limited largely to the colon. Not infrequently, however, 
the action of the ileocecal valve is imperfect. In these cases the lower 
portion of the small bowel becomes distended in time and suffers the 
effects of this distention as have been described for small bowel ob- 
structions. 

In the typical ease in which the ileocecal valve is competent, the intra- 
luminal pressure may rise rather quickly to such a height as to obstruct 
the capillary blood flow in the walls of the colon and endanger its vi- 
ability. Pressures consistently higher than those found in small bowel 
obstructions are seen in cases of obstruction of the colon. The intra- 
luminal pressure may be over 23 cm. of water. This pressure exerts a 
constantly disrupting force on the walls of the colon which varies di- 
rectly with the diameter of the bowel. For these reasons the frequency 
of perforation of the cecum in neglected obstruction of the colon and 
the necessity of an immediate decompressive operation in those cases 
in which the cccum is more than moderately distended, as seen on an 
x-ray film, is easily understood. 

The general effects of distention on the colon have not been studied 
as completely as they have for the small bowel, but it is supposed that 
similar changes occur. 

Strangulation. The presence of a strangulation obstruction produces 
the deranged physiology incident to a simple obstruction and in addition 
certain other phenomena which arc peculiar to it alone. These latter 
effects are due to the infarction of the gut and must be thoroughly 
understood by any one who attempts to treat intestinal obstruction. 

Strangulation is produced by some mechanism which obstructs the 
blood flow to a segment of bowel. In cases of mesenteric embolism the 
obstruction is within the arteries. In certain cases the veins may be 
obstructed by a thrombus. In most cases, however, such as those in 
which the obstruction is due to an adhesive band, an intussusception or 
a strangulated hernia, the vascular obstruction affects both the arteries 
and veins simultaneously. Since the veins are occluded by a lesser force 
than the arteries, however, the effect of the venous occlusion is felt first 
and overshadows any arterial occlusion. If the veins draining a segment 
of bowel be occluded, it rapidly becomes permeated with blood. The 
swelling is intense, the peritoneal surface loses its luster, bloody fluid 
fills the lumen of the bowel and filters out into the peritoneal cavity. 
If the segment of strangulated bowel, is large, relatively huge quantities 
of blood are lost in this manner and shock rapidly supervenes. This in 
itself may cause death before time has elapsed for bacteria to migrate 
through the nonviable bowel and produce peritonitis. Thus a strangulat- 
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mg obstruction may cause death of either shock or peritonitis depending 
upon the size of the infarcted loop of bowel. In the presence of a purely 
arterial occlusion the lo"S of blood is much less. The immediate effects 
may not be as striking as those described above. With the passage of 
time, however, the bowel wall becomes permeable to bacteria and toxic 
substances which gain entrance to the peritoneal cavity and produce 
peritonitis and death. Intussusception frequently deceives the un- 
suspecting clinician because, in this instance, the infarcted bowel is 
completely encircled with viable tissue. The signs of peritoneal irrita- 
tion considered characteristic of strangulation are usually entirely ab- 
sent. Likewise in a strangulated hernia the findings are generally local- 
ized to the ensheathing and constricting hernial sac, the general peri- 
toneal canty being free of all signs of irritation. 

Disturbance' in the Fluid and Electrolyte Balance. The im- 
portance of the loss of fluid and electrolytes in the vomitus and stagnant 
fluid in the intestinal tract of patients with obstruction was emphasized 
by Hayden and Orr, Hartwell and Hoguet. These losses are particularly 
severe in obstructions of the small bowel. In colonic obstructions they 
are minimal or may even be nonexistent. Hartwell and Hoguet further 
showed that in obstructions high up in the small intestine the dehydra- 
tion and hypochlorcmia produced in this manner were the chief causes 
of death in untreated patients. 

The effects of the dehydration produced in this way are the same as 
tho*e seen from any other cause. The patient complains of thirst, the 
skin and subcutaneous tissues lose their turgor and the urine becomes 
scanty and highly concentrated. Due to an associated of electrolytes, 
effects other than those due to pure dehydration may appear. Although 
man}’ electrolytes are lost in the vomitus and intestinal fluid, chloride 
is of chief importance. Persistent vomiting for thirty-six hours or longer 
will lower the blood chlorides to distinctly abnormal levels and produce 
a state of alkalosis. If such a condition persists, the patient may pass 
into the shock-like state of collapse associated with profound hypo- 
chloremia. In this condition the skin is frequently cold and moist. The 
Ups and face are somewhat cyanotic. The pulse is weak and thready. 
The systoUc blood pressure falls to 80 or 70 mm. of mercury and the 
diastolic pressure is unobtainable. A state of extrarenal uremia is pro- 
duced a<? evidenced by an elevated blood urea nitrogen and nonprotein 
nitrogen. 

The above discussion should indicate the importance of the para-oral 
administration of normal saline solution to the patient with obstruction 
in whom vomiting has been a prominent feature of the clinical picture. 
Within a few hours the deficiency in chlorides can be remedied and the 
prognosis of the patient greatly improved whether the obstruction per 
se be treated by operation or conservative methods. 
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Clinical Picture of Intestinal Obstruction 

History. The taking of a careful history should be an essential part 
in the management of any case of intestinal obstruction. The story ob- 
tained should be carefully considered in all its component parts. It may 
serve only to confirm a diagnosis which seems obvious from physical 
findings, yet many cases occur in which the correct diagnosis can be 
made only after the sequence of events, as related by the patient, arc 
appraised by the physician and integrated with the physical findings. 

Particular importance should be paid to the following points in the 
history: (1) Age of the patient; (2) duration of the present illness; (3) 
character of onset of the symptoms; (4) type of abdominal pain and 
changes in the character of this pain since its onset; (5) frequency and 
severity of vomiting; (6) presence of audible intestinal noises; (7) fre- 
quency and character of bowel movements after the onset of symptoms; 
(8) decrease or absence of flatulence; (9) nature and extent of previous 
abdominal operations; and (10) recent loss of weight and strength. 

Symptoms: Complete (Acute) Obstruction of the Small Intes- 
tine. The most striking symptoms of acute obstruction of the small 
bowel arc intermittent crampy pains and vomiting. The onset of symp- 
toms is sudden. Pain is usually referred to the midportion of the ab- 
domen and experienced only at intervals. The pain is frequently de- 
scribedby the patient as like a “gas pain.” For fifteen to twenty seconds 
it increases in severity and then gradually fades. The intervals between 
these pains may at first be only three or four minutes. With the passage 
of time, however, the interval becomes longer and the pains tend to be- 
come less severe. It would appear that these symptoms are directly 
related to the degree of distention of the bowel immediately above the 
point of obstruction. As the bowel becomes increasingly more distended 
peristalsis becomes weaker and less effective. 

Vomiting at first is synchronized with the intestinal cramps but with 
the passage of time seems to occur at irregular intervals. In those cases 
in which the obstruction persists for more than a few hours the vomitus 
assumes a fecal character. Both its appearance and smell indicate that 
it comes from the small intestine. Initially the vomiting appears to be 
due to a nervous reflex but later takes on the appearance of an overflow 
phenomenon due to the regurgitation of intestinal contents into the 
stomach by reverse peristalsis. 

The absence of defecation has long been regarded as one of the 
cardinal signs of intestinal obstruction. Patients are usually acutely 
aware of this change in their bowel habits. The physician must not be 
mislead, however, by the occurrence of one or two small bowel move- 
ments after the onset of symptoms indicative of obstruction. Any fecal 
material present below the point of obstruction may pass on and be 
eliminated in the usual manner. It is unusual, however, for a patient to 
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have a defecation twenty-four hours after the onset of an obstruction 
unices that obstruction be partial or unless it has been overcome spon- 
taneously. 

The above remarks concerning the passing of feces in cases of obstruc- 
tion also hold true for the passage of flatus. 

Complete (Acute) Obstruction of the Colon. Symptoms of acute 
obstruction of the colon are somewhat variable. Cramp-like pains re- 
curring at considerably longer intervals than tho«c noted in obstructions 
of the small bowel are usually present. The severity of these pains, how- 
ever, may not be great and sometimes only clo«e questioning will reveal 
that at the start of his illness the patient did have a few "gas pains.” 
Vague, generalized abdominal distress is present in most ca«es. Vomiting 
is not a prominent symptom but may occur. The character of the vomi- 
tus is distinctly different from that seen in small bond obstructions. It 
consists of small quantities of gastric and duodenal secretions. It would 
be rational to assume that in those cases in which the ileocecal valve is 
incompetent, vomiting should be more profuse and the vomitus of a 
fecal character. This may occur in rare instances but the author has not 
observed it. 

Because the initial symptoms are not as severe as tho^e present in 
small bowel obstructions these patients, as a rule, are seen somewhat 
later and the absence of flatulence and normal defecation may be strik- 
ing. If the obstruction is in the sigmoid or left half of the colon the pa- 
tients may notice an increase in the size of their abdomen and complain 
of the distention which produces this. On the other hand, obstructions in 
the right half of the colon may be accompanied by a distention sufficient 
to cause a perforation of the cecum without the patient being conscious 
of an increase in the size of the abdomen. 

Partial (Chronic) Obstruction of the Small Intestine. A 
chronic obstruction of the small bowel which, per force, must be a par- 
tial obstruction, produces symptoms much less severe than an acute 
obstruction. The usual symptoms are those of recurrent attacks of 
crampy pain associated with occasional vomiting which last for a few 
hours to a day or more. During these periods the patient may notice 
that his abdomen becomes distended and that he is constipated for a 
few days. Never do the pains become as severe or the vomiting as fre- 
quent or copious as in acute obstructions. Frequently, indiscretions in 
diet, such as the eating of a particularly large meal or the ingestion of 
food with a high residue, are noted to bring on these attacks. 

Partial (Chronic) Obstruction of the Colon. This type of ob- 
struction may exist for a considerable period of time with practically no 
symptoms, provided the degree of obstruction is not too great. Sooner or 
later, however, if the degree of obstruction increases, as it usually does 
in colonic legions, typical peristaltic cramps occur. If tlib pain is not 
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severe, it may be overlooked by the patient for a considerable period of 
time. Occasionally vomiting may occur but this is not striking. If the 
obstruction is low in the colon, a decrease in the caliber of the feces is 
noted. Characteristicalty, it is said that alternating constipation and 
diarrhea occurs with this condition. In the author’s experience this 
finding is far from universal and while it frequently occurs too much 
significance should not be placed on its absence. 

Strangulation Obstruction. In addition to tho--e enumerated 
above, an obstruction of the bowel complicated by strangulation pro- 
duces other symptoms due to the strangulation. These symptoms are 
due to a lo^s of blood into the tissues and lumen of the strangulated 
segment and peritoneal irritation from blood and bacterial toxins in the 
peritoneal cavity. Thus, in addition to the symptoms of obstruction are 
added those of shock and peritonitis. The symptoms of shock vary in 
severity directly with the length of strangulated bowel and the duration 
of the obstruction. Signs of peritoneal irritation are localized at first 
but become general within a few hours. The patient with a typical case, 
therefore, complains of diffuse abdominal pain and tenderness, prostra- 
tion and thirst, in addition to his other symptoms 

Physical Examination 

General Consideration. Examination in the main should be di- 
rected to the abdomen. Little is to be learned from the general appear- 
ance of the patient. Except in late cases or in the presence of strangula- 
tion, the patient with intestinal obstruction docs not look particularly 
ill. If vomiting has been long continued, evidences of dehydration will 
be noticed. If strangulation is present, the usual signs of shock will be 
evident. 

Patients with bowel obstruction may have a slight elevation of their 
pulse rate and temperature but not of a sufficient degree to cause alarm 
except in the presence of strangulation in which the blood loss has been 
great or a definite peritonitis has developed. 

The examination of the heart and lungs is negative unless the ab- 
dominal distention is so great that the diaphragm is elevated to such an 
extent that the cardiac and respiratory functions are compromised. 

Inspection. The abdomen is usually visibly distended unless the ob- 
struction is high in the small bowel or in the proximal portion of the 
colon. A considerable distention of several loops of the jejunum may be 
present without producing a detectable change in the contour of the 
abdomen. In obese individuals with protuberant abdomens this is 
particularly true. In such instances, careful attention should be paid to 
slight degrees of distention in the region of the epigastrium and upper 
abdomen. Careful inspection of the right lower quadrant of the ab- 
domen may reveal a certain amount of distention which would otherwise 
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be overlooked in cases of obstniction in the right half of the colon. 

The general contours of the abdomen distended with obstructed loops 
of bowel are not unlike those seen in the presence of ascites. The flanks 
are broad and bulging and the scaphoid shape of the upper abdomen is 
replaced by a bulging convexity. Percussion usually serves to make the 
distinction between these two conditions plain. In cases of obstruction, 
however, in which the bowel content is largely fluid or in which there 
has been an unusually large amount of peritoneal fluid, there may be 
considerable doubt if the differentiation must be made on the basis of 
the physical examination alone. If the obstruction is chronic in nature or 
if a chronic obstruction has suddenly become acute and the anterior 
abdominal nail is thin, individual loops of distended bowel may be seen 
as corrugations of the abdominal wall and the passage of peristaltic 
waves along these loops may be noted. The obstruction must be of such 
a duration as to allow a hypertrophy of the musculature of the intestine 
to occur before this phenomenon can be perceived. 

Palpation. Palpation of the abdomen of the patient with intestinal 
obstniction should be primarily directed toward the delineation of any 
tumor or mass which may be the cause of the obstruction and to de- 
termine whether or not there is an inflammatory process within the 
peritoneal cavity. The latter consideration is extremely important. On 
the basis of palpation alone the presence of a strangulation obstruction 
must often be confirmed or excluded. Tenderness, rebound tenderness, 
and muscle spasm must each be carefully sought for and considered by 
the physician. In the presence of obstruction the existence of these signs 
of peritoneal irritation must be taken to indicate the presence of a 
strangulation unless definite proof exists to the contrary. By the same 
token, tenderness localized to the vicinity of an incarcerated hernia 
must be assumed to indicate a strangulation if symptoms of obstruction 
are also present. It has been intimated that on occasions some degree of 
peritoneal irritation will be found in cases of simple obstruction if the 
amount of transudated fluid from the distended loops is great. A certain 
number of patients maj', therefore, be subjected to operation under the 
mistaken diagnosis of strangulation obstruction. This fact, however, 
except in very unusual circumstances, should not deter the surgeon from 
making the diagnosis of strangulation in all cases in which the signs of 
peritoneal irritation are clear. 

The importance of the careful examination of all the usual sites of 
hernia to detect the existence of incarcerated bowel is easily understood 
if it is remembered that such lesions account for more eases of obstruc- 
tion than any other one cause. 

Auscultation. No examination can be said to be complete until the 
surgeon has listened to the abdomen with a stethoscope in a careful and 
deliberate manner. The existence of borborygmi increased in intensity 



INTESTINAL OBSTRUCTION 531 

and occurring synchronously with crampy pain identifies such pain as 
due to intestinal colic. This sign is pathognomonic of mechanical in- 
testinal obstruction. Frequently the above fact can be determined within 
a few seconds; but not rarely, if the interval between peristaltic rushes 
is prolonged, auscultation must be continued for fifteen or twenty 
minutes before the examiner can be sure that there is no intestinal colic. 
It is essential, of course, that the examiner be familiar with the intes- 
tinal sounds of the normal abdomen. Judgment must be used in de- 
termining whether or not there is an intensification of these sounds. A 
decrease or even total absence of intestinal noises may be found in cases 
of paralytic obstruction. An increase in the ircqucncy of the borborygmi 
occurs in cases of acute enteritis. In these patients, however, pain is less 
severe than in those with an obstruction and there is lacking that close 
association in point of time between the height of the cramp and a loud 
borborygmus. Some observers have attributed a high metallic quality 
to the typical borborygmi of obstruction. This is not always apparent. 
The quality of the sound appears to depend on many factors, some of 
which are the strength of the peristaltic rush, the size of the distended 
loop of bowel and the relative amounts of gas and fluid which it contains. 

In partial obstructions these sounds of intestinal colic may be per- 
ceived but in a much smaller degree. In colonic obstructions auscultation 
is a less valuable part of the examination. Typical borborygmi may be 
heard, but in other cases no sounds whatever may be elicited. 

Rectal and Vaginal Examination. Tenderness and the presence of 
a pelvic mass are the chief points to be determined by vaginal or rectal 
examination. Not infrequently distended loops of small bowel can be 
palpated, particularly if their distention is due in large measure to fluid. 
Quite often the thick-walled, blood-filled coils of a strangulated gut can 
be detected as a tender mass high in the pelvis. In colonic obstructions 
the examining finger may be able to determine the exact location and 
probable character of the obstructing lesion. In cases of intussusception 
the rectal examination may well be the most important part of the 
examination. With this lesion the usual signs of peritoneal irritation due 
to strangulation are absent but the finger may be able to palpate the 
doughnut-shaped tip of the intussuscipiens and usually blood can be 
detected on the gloved finger. The presence of either of these signs in- 
creases considerably the likelihood of the diagnosis. 

Laboratory Findings. Simple obstructions per se have no distinctive 
laboratory findings. The urine and blood examinations are normal. If 
the obstruction has been accompanied by copious and long continued 
vomiting, the effect of dehydration and chloride loss may clearly mani- 
fest itself. The laboratory findings in such cases will show changes due 
to a concentration of the blood, hypochloremia and extrarenal uremia. 
The hemoglobin content of the blood is relatively increased. For the 
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same reason the patient may appear to have a slight leucocytosis. The 
plasma chlorides are decreased and the carbon dioxide combining power 
of the blood is increased due to the loss of chlorides in the vomitus. Con* 
comitantly disturbances in the kidney function occur as indicated by an 
increased blood urea nitrogen and a concentrated urine containing a 
slight amount of albumen and an occasional hyaline cast. 

A strangulation obstruc- 
tion early iu its course may 
not produce any abnormal 
laboratory findings. If 
shock ensues, however, the 
usual signs of hemoconcen- 
tration occur. With the de- 
velopment of peritonitis a 
definite leucocyto-is and 
relative increase in the 
polymorphonuclears is 
seen. These latter findings 
may frequently be of help 
in making the diagnosis. 

Gasthic Contents and 
Vomitus. Considerable in- 
formation as to the proba- 
ble site of the obstructing 
lesion can be obtained from 
a gross examination of the 
vomitus or gastric contents 
obtained by a duodenal 
tube. (Sec section on 
symptomatology.) 

Roentgen Examina- 
tion. In all suspected cases 
of intestinal obstruction a 
roentgenological examina- 
tion of the abdomen should 
be made. The most valuable film is the so-called "scout” film taken with 
the patient lying in the supine position. Such an exposure delineates the 
gas containing loops of bowel quite clearly, but magnifies their size by 
about 25 per cent. Some surgeon s have advocated the taking of films 
with the patient in the upright position and looking for Quid levels 
which indicate the existence of obstruction. Others have recommended 
the taking of films with the patient in the prone position. In the author’s 
experience, however, neither of these latter methods give as much or as 
valuable information as the usual scout (anterior-posterior) expo<mre. 



Fig. 1S5. X-ray film of segments of bowel remove*! 
at autopsy and moderately distended with air. 
1. Lower ileum, 2. Upper jejunum. 3. Lower jejunum 
or upper ileum. 4, Cecum and ascending colon. Each 
part of the bowel has a characteristic appearance 
when seen on the x-ray film Knowledge of this faet 
enables the clinician to estimate the probable posi- 
tion of an intestinal obstruction 
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An unequivocal diagnosis of obstruction should never be made on the 
basis of x-ray evidence alone. Normally, gas in the small intestine can 
be definitely visualized on the x-ray film only in infants. Its presence in 
an adult indicates that there is stasis of the intestinal contents of such a 
degree that the intimate mixture of fluid and gas has had an opportunity 



Fio. ISC. Roentgenograms of the abdomen of a patient 
with a complete obstruction of the email intestine due to 
adhesions. This film was made at the time of the patient's 
admission to the hospital. The distention is confined to the 
stomach and small bowel The only gas seen in the colon is a 
few small accumulations in the cecum and ascending colon. 

to separate into its respective phases. Only in the broadest sense can 
this stasis be considered as indicating an obstruction. 

Roentgenological findings in cases of mechanical obstruction of both 
the large and small bowel are fairly characteristic. These findings taken 
with the other clinical evidence make the diagnosis definite. All clinicians 
should acquaint themselves with the appearance of distended portions 
of the various parts of the gastrointestinal tract (Fig. 185). On the basis 
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Fid 187. The frame patient .« in hg 18G Tins film «»« muli* 
forty-eight hours after instituting gastroduodenal aspiration 
The aspirating tube has passed into the second portion of the 
duodenum The obstruction has been relics ed Xo gas is seen 
in the stomach and only a small quantity remains in the small 
bowel. Considerable gas, however, is now prc«ent in the colon. 


small bowel (Figs. 186, 187). An approximation as to the probable loca- 
tion of the obstruction in the small bowel can be obtained by noting the 
mucosal patterns of the distended loops. The restriction of the visible 
gas to the colon with no loops of distended small bowel seen is the usual 
picture found in acute obstructions of the colon (Fig. 188). In those 
instances, however, in which the ileocecal valve is not competent a few 
distended loops of ileum in addition to a large accumulation of gas in 
the colon will be found (Fig. 189). Partial obstruction of the small 
bowel, if at all severe, will exhibit some detention of the proximal bowel 
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with gas and in addition small scattered accumulations in the colon 
(Figs. 190, 191, 192). In partial obstruction of the colon there is little 
or no gas evident in the small bowel and any distention present in the 
proximal colon is not excessive. The picture in paralytic ileus is variable 


Fig. 1S8. Roentgenogram of the abdomen of a patient with 
complete obstruction of the sigmoid colon due to a carcinoma. 

The colon is greatly distended throughout its entire extent. 

Note the tremendous distehsion of the cecum as indicated by 
the arrows. No gas is seen in the small bowel. 

(Fig. 193). At times the x-ray picture closely mimics any of the types of 
obstruction mentioned above. Characteristically, however, stasis occurs 
m both the colon and small bowel. Gas shadows are seen to be scattered 
throughout the abdominal cavity. The size of these accumulations de- 
pends on the duration and severity of the ileus as well as the quantity of 
air which the patient has swallowed. 

Differential Diagnosis of Intestinal Obstruction 
The typical picture of acute small bowel obstruction with colicky pain, 
vomiting and distention is frequently so characteristic that the diag- 
nosis is not difficult. Other abdominal colics, however, such as biliary, 
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renal and appendiceal colic must be distinguished. This differentiation 
is best made with the stethoscope and careful auscultation of the ab- 
domen. The point to be determined is whether or not the intermittent 
crampy pain is intestinal in origin. If a definite increase in the bor- 
borygmi occurs at the height of the pains, it can be correctly assumed 



Fio. 189. Roentgenogram of the abdomen of a patient with 
a complete obstruction of the descending colon due to a 
carcinoma. The mass of the tumor at the point of obstruction 
can be seen as indicated by the arrow at the iliac crest. The 
transverse and ascending colons are moderately distended. 
The ileocecal valve has allowed the regurgitation of gas into 
the ileum. As a result a few distended loops of smaU bowel 
nre seen as indicated by the arrow over the lumbar spine. 


that the colic is intestinal in origin. On occasions, an acute gastroenteritis 
may have to be differentiated. These conditions can at times closely 
simulate an early acute obstruction. Vomiting associated with a gastro- 
enteritis ceases to be productive as soon as the stomach has been once 
emptied, provided food and drink are not ingested. Moreover, diarrhea 
is usually a prominent symptom. The abdominal cramps are usually not 
as severe tho«e present in obstruction. In ca«es in which grave doubt 
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exists after a careful history and physical examination have been con- 
sidered roentgen examination of the abdomen usually makes the situa- 
tion clear. 

The diagnosis of chronic small bowel obstruction must be largely 
made on the basis of a history of previous similar attacks together 



I'm. 100. Roentgenograms of the abdomen of a patient w ith 
a partial obstruction of the small intesUne due to adhesions. 

(a) This film was made at the time of the patient's admission 
to the hospital. Accumulations of gas arc seen in the stomach, 
small intestine and colon. Several loops of the small intestine 
are markedly distended. 

with evidence of the existence of an intestinal colic. Other abdominal 
colics may be satisfactorily excluded by careful auscultation of the 
abdomen. 

The addition of the symptoms and findings of peritoneal irritation to 
those of an acute obstruction occasion not infrequently considerable 
difficulty in distinguishing a strangulation obstruction from other in- 
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fiammatory lesions within the abdomen. The conditions which must be 
considered mo^t seriously are appendicitis, salpingitis, peritonitis, acute 
pancreatitis, twisted ovarian cyst, ectopic pregnancy and ruptured 
peptic ulcer. Here again chief reliance should be placed on the presence 
of intestinal colic and an adequate history. A pelvic examination should 
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to ail inflammatory process. This condition is probably most often seen 
when an obstruction occurs during the course of a suppurative peri- 
tonitis. Cases will occur from time to time when this distinction is im- 
possible. No effort should be spared to make this differentiation, if 
possible, because patients with a definite peritonitis are, in the main, 



Fia. 102. The same patient as above. Forty-eight hours 
after instituting gastroduodenal aspiration. The small intes- 
tine is now completely empty of gas. Small accumulations arc 
seen in the descending colon. The obstruction has been 
relieved. 


best treated with conservative methods. As will be discussed later, simple 
obstructions can be adequately controlled and often cured without 
operation, but strangulations require an immediate operation. 

Usually less difficulty exists in distinguishing acute obstructions of 
the colon from other abdominal conditions. The history is of particular 
significance. The visualization of distended loops of colon on the x-ray 
film usually confirms the diagnosis. In late cases in which perforation of 
the cecum is imminent or has already occurred, an acute suppurative 
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appendicitis with peritonitis must be excluded. Cases of obstruction of 
the ascending colon, in which the obstructed segment of the colon is 
short, are particularly confusing in this respect. 



Fie. 103. Roentgenogram of the abdomen of a patient with 
an inhibitive (paralytic) ileus due to peritonitis secondary to 
an acute appendicitis. Accumulations of gas are seen in both 
the smalt and large bowel. The absence o( gas in the right 
lower quadrant is due to a large appendiceal abscess indicated 
by the arrow. The other arrows over the lumbar spine indicate 
accumulations of fluid which separate thp distended loops of 
bowel. 


Treatment 

General Principles of Treatment. The ultimate aim of all treat- 
ment of intestinal obstruction should be the restoration of the con- 
tinuity of the lumen of the bowel with as little risk to the patient as 
possible. If modern methods are employed, the time element in the 
treatment employed has lost most of its importance. Only in cases of 
strangulation is an immediate operation still imperative. 

For practical purposes treatment should include measures to accomp- 
lish the following: (1) Decompression of the distention proximal to the 
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obstruction; (2) restoration of the fluid and electrolyte balance of the 
body; (3) administration of blood when necessary to overcome any 
shock present in cases of strangulation; and (4) release of the obstructing 
mechanism. 

Relief of Distention. It has been indicated how distention of the 
proximal bowel in obstruction produces various secondary effects del- 
eterious to the patient. Its immediate relief, therefore, is all important. 
There are three methods by which distention can be effectively reduced: 
(1) Application of a mild, constant, negative pressure to an indwelling 



Fia. 194. The Wangensteen modification of the Levin duodenal tube. 

The distal two and one-half inches of this tube is made of rubber with a 
specific gravity much greater than that used in the remainder of the tube. 

Side openings for aspiration extend back approximately nine inches from 
the tip 60 that suction can be maintained in both the stomach and du- 
denum simultaneously. 

tube inserted through the nose or mouth into the stomach or duodenum; 
(2) administration of a high oxygen concentration in the respired air; 
and (3) enterostomy or colostomy. 

'Application of Suction to Indwelling Tubes. Wangensteen, in 
1931, applied suction to an indwelling duodenal tube in the treatment 
of certain cases of mechanical obstruction of the small intestine. A modi- 
fication of the Levin type duodenal tube with perforations extending 
back from its tip about nine inches and with the distal two inches of the 
tube weighted by the use of a rubber of high specific gravity was used 
(Fig. 194). If such a tube is inserted through the nose into the stomach 
and 70 to 120 cm. of water negative pressure is maintained at its 
proximal end by a system of bottles as shown in Fig. 195 the stomach 
is kept empty of all fluid and gas. All vomiting ceases and any distention 
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already present in the intestine at least ceases to increase and in most 
instances decreases. Air, as soon as it is swallowed, is removed by the 
tube. If reverse peristalsis is active and if the pyloric sphincter relaxes 



Fic. 195 Apparatus for maintaining a mild constant mg itive pressure in an mdn tiling 
duodenal or intestinal tube This apparatus can be constructed at little expense from ma- 
terials a\ailablc in any hospital. As aspiration progresses, water drains from the upper 
bottle to the Ion er bottle which is directly beneath it. The Y tube is used to clear the 
indwelling tube by the injection of water and thus insure uninterrupted aspiration. 


sufficiently to allow free regurgitation into the stomach, small incre- 
ments of ga« and fluid brought up from the lower reaches of the bowel 
are steadily removed. 
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The effect of such a tube is increased and more certain in its action if 
its tip is passed through the pylorus and into the duodenum. Any 
hindrance to decompression produced by the pyloric sphincter is thus 
overcome. No certain method exists, however, by which this can be 
accomplished in every case. The tubes now employed for this purpose 
are all partially radiopaque so that their position can be accurately de- 
termined by the fluoroscope or an x-ray film. 

The most effective method of intubating the duodenum is initiated by 
passing approximately 50 cm. of the tube through the nose and into the 
stomach. After the stomach has been emptied of its content the patient 
should be made to lie on his right side. In this position he should drink 
small quantities of water every few minutes and the tube inserted 
about one inch every quarter hour until an additional 15 to 20 cm. of 
tube has been inserted. The slow return of a bile colored fluid when 
suction is applied usually indicates that the tip of the tube has reached 
the duodenum. To be sure of this fact, however, an x-ray film of the 
abdomen should be made. If the tip of the tube on this film is seen to 
lie to the right of the right border of the vertebral column and pointing 
downward, it can be assumed that the duodenum has been intubated. 

In some cases more than one attempt to intubate the duodenum will 
have to be made and in rare cases all attempts may result in failure. 
Some surgeons have adopted the practice of placing the tip of the duo- 
denal tube in the vicinity of the pylorus by manipulation under the 
fluoroscope. In any event, the actual transit of the tube into the duo- 
denum must be accomplished by the combined effects of gravity and 
gastric peristalsis. 

If the duodenum can be reached, the tube should be inserted four or 
five inches farther unless a satisfactory decompression is being obtained 
anyway. The results of this treatment must be closely followed by fre- 
quent examinations of the abdomen and by the study of roentgenograms 
taken every twelve hours. If decompression has not been achieved at 
least partially within forty-eight hours, an operative decompression 
should not be delayed further. 

Little decompressive effect on a distended colon can be expected from 
aspiration because of the action of the ileocecal valve. Aspiration will, 
however, tend to prevent such a distention from becoming larger, since 
it interrupts the passage of swallowed air through the stomach. If decom- 
pression of distention already present is required, aspiration must al- 
ways be used in conjunction with colostomy. 

In 1938, Johnson and his associates advocated the use of a special 
long double lumen tube (Miller-Abbottr tube) with a balloon incor- 
porated in its tip for the decompression of patients with intestinal 
obstruction (Fig. 196). One of the lumens connects directly with the 
balloon and the other, which is the larger of the two, is used for aspira- 
tion. Such a tube should be inserted through the nose into the stomach 
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just as the Levin type tube. Likewise, a similar technic should be em- 
ployed to cause the tube to pass into the duodenum. If this can be 
achieved, the balloon is inflated with 15 to 20 cm. of air. As more and 
more of the tube is swallowed peristalsis carries the balloon with the 
tube trailing behind it farther and farther down the intestine until the 
point of obstruction is reached. The speed of the tube's passage along 
the gut seems to depend directly on the force of the peristaltic activity 



Fin 19G. The Miller- Abbot t tube for intestinal aspiration. This tube has two lumen* 
One is used to inflate the email rubber balloon fastened to the distal end while the other 
is used for aspiration. If the duodenum can be intubated, the balloon is inflated with 
approximately 15 cc of air or water. Peristalsis will then carry the tube in a few hours 
well down into the small intestine. 

of the bowel. In ca«es of paralytic ileus intubation may be extremely 
slow. 

The advantage? of the Miller- Abbott tube over the Levin type tube 
as modified by "Wangensteen is that decompression of the entire small 
bowel can be accomplished a great deal more rapidly provided the 
pyloric sphincter can be passed successfully. Furthermore, if the double 
lumcned tube has been inserted until the tip reaches the point of obstruc- 
tion and the proximal bowel is decompressed, the patient can ingest 
and utilize a certain amount of nourishing fluids. Finally, in certain 
cases, a more accurate diagnosis can be made than would be possible 
otherwise. If after successful intubation and decompression the point of 
obstruction is reached, a small quantity of thin barium sulphate suspen- 
sion injected through the lumen, ordinarily used for aspiration, allows 
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the roentgenograms to be taken which give valuable information as to 
the degree, type and exact location of the obstruction. 

The chief disadvantage of the Miller-Abbott tube lies in the fact that, 
although decompression is accomplished as the tube descends through 
the intestine, distention tends to recur behind it. If swallowed air col- 
lects in the stomach and proves troublesome it can be effectively re- 
moved only by the insertion of a second (catheter tipped) tube. This is 
not particularly comfortable for the patient. 

The same time limits allowed for decompression by the Wangensteen 
tube should pertain for the Miller-Abbott tube, namely, forty-eight 
hours. Likewise, the progress of decompression should be closely fol- 
lowed by frequent examinations of the abdomen and x-ray films. 

Patients treated as described above usually require no narcotics. The 
relief of pain in simple small bowel obstruction is dramatic as soon as 
the duodenum is decompressed and may occur as soon as the stomach is 
emptied. A restless patient may appreciate a mild sedative such as 
sodium pentobarbital, gr. 1^, or sodium phenobarbital, gr. 2, but mor- 
phine is not necessary and should not be given. All patients should be 
encouraged to drink moderate amounts of water and other fluids during 
the period of aspiration: 2,000 cc. a day is sufficient. Any fluid which 
will not occlude the aspirating tube may be taken. In this manner the 
thirst of the patient can be satisfied and the occasional development of 
parotitis prevented. The injection of a few drops of mineral oil into each 
nostril twice a day serves to allay, in large measure, the irritation of the 
nasopharynx due to the long continued presence of the tube. The 
quantity of fluid aspirated by the tube, as well as the quantity drunk by 
the patient, must be carefully noted. The difference between these will 
be the net loss to the patient, and must be taken into account by the 
surgeon when ordering para-oral fluids. 

Respiration of High Oxygen Concentrations. In 1935, Fine rec- 
ommended the respiration of a high oxygen concentration for the relief 
of intestinal distention. To be effective an oxygen concentration of over 
80 per cent in the respired air must be employed and its administration 
must be long continued. Such a concentration cannot be obtained with 
the usual type of oxygen tent. Fine employed a specially constructed 
hood but the method was not widely used until Boothby, Lovelace, and 
Mamoulian developed a face mask by which it was claimed up to 100 per 
cent oxygen can be cheaply and conveniently given over a prolonged 
period (Fig. 197). 

The principle of this method of treatment depends upon the diffusion 
of gases from a place of higher concentration to one of lower concentra- 
tion. It has been previously noted that intestinal gas contains approxi- 
mately 70 per cent nitrogen. If, therefore, nitrogen be excluded from 
respired air, that present in the intestine will be gradually absorbed by 
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the blood and exhaled through the lungs. The other gases, except oxygen 
found in the intestine, behave in a similar manner. A decrease in the 
amount of the distention may be noted after a few hours. Fine has also 
pointed out that such a decrease allows the circulation in the wall of the 
bowel to improve. Because of the improved circulation it is postulated 



Fio. 197. One type of tbe Boothby, Lovelace, Mamouhan mask by which high conr«.n- 
trations of oxygen can be respired for relatively long periods of time. Thu mask has an 
opening through which an indwelling tube can be passed, so th3t continuous aspiration 
of the gastrointestinal tract can be earned out simultaneously. By an adjustment of tbe 
valve the concentration of the oxygen respired can be varied. The flow of oxygen should 
be sufficient so that the attached bag is not entirely empty at the end of inspiration 


that the absorptive power of tbe gut increases and, therefore, the fluid 
stagnant in the gut is in part removed and the distention further de- 
creased. 

The chief advantage of this method lies in the fact that its action does 
not depend upon the presence of intestinal peristalsis as does continuous 
aspiration. It is, therefore, especially indicated in ea c es of paralytic 
ileus in which peristalsis is weak or absent. 
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The disadvantages of the method in the author’s opinion outweigh 
its advantage except in selected cases. Apart from the expense of the 
oxygen and the discomfort of the patient, if the Boothby mask is em- 
ployed properly, other factors must be considered. This method does 
not effectually remove the stagnant fluid which fills to a varying degree 
the distended coils of intestine in patients with intestinal obstruction. 
To obviate this difficulty the mask is now constructed with an opening 
through which an indwelling aspirating tube can be inserted. The possi- 
bility of oxygen poisoning, if concentration of oxygen over 80 per cent 
are respired for thirty-six hours or more, must also be considered. Opin- 
ions vary concerning the danger of oxygen poisoning but Fine has recom- 
mended that the treatment be interrupted twenty to thirty minutes 
three times a day to insure against it. This recommendation should be 
followed. 

Enterostomy and Colostomy. For those cases of small bowel ob- 
struction in which aspiration has failed to accomplish a decompression 
in forty-eight hours an enterostomy should be performed. This subject 
is discussed in a later paragraph. A colostomy placed proximal to the 
point of obstruction should always be made to obtain a decompression 
of the distended bowel in cases of obstruction of the colon, unless the 
obstruction is so close to the cecum that a colostomy cannot be made. 
In these unusual cases an enterostomy tube can be placed in the term- 
inal ileum and threaded through the ileocecal valve into the cecum. 
This subject is discussed in a later paragraph. 

Administration of Fluids. Fluid administration constitutes a very 
essential part of the treatment of intestinal obstruction. Administration 
should be by para-oral routes and should accomplish the following: (1) 
Supply of a sufficient quantity of water to relieve any dehydration which 
may be present; (2) supply of an adequate amount of sodium chloride 
to restore the plasma chloride level to normal; and (3) supply of a daily 
amount of water and sodium chloride to cover the metabolic needs of the 
patient until he can safely ingest and absorb liquids. 

The types of fluid administered should be normal saline solution and 
a 5 or 10 per cent glucose solution in distilled water. Either the intra- 
venous or subcutaneous routes may be used. Since, however, relatively 
large quantities must be given and in many cases to elderly patients 
whose cardiac reserve is subnormal, the subcutaneous route is favored 
for routine use in order to obviate the danger of suddenly overloading 
the right side of the heart. Except in occasional cases in which it may be 
thought best to return a portion of the aspirated gastric contents, 
proctoclysis should not be used because of the limited and unpredictable 
amount of fluid which can be absorbed by the patient in this way. 

Coller and Maddock and their associates have shown that the body 
must lose approximately 6 per cent of its weight in water before clinical 
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signs of dehydration are evident. To those patients who are thus afflicted 
an approximation of this amount of fluid should be given slowly over 
the first twenty-four or thirty-six hours of treatment. The proportion 
of this large amount of fluid, which should consist of saline solution, will 
depend upon the degree of hypochloremia which is also present. The 
remainder of the amount should be given in the form of glucose solutions. 

Every patient with intestinal obstruction should have the level of the 
plasma chlorides determined, if possible, before any plan of treatment is 
decided upon. Such a determination provides a starting point from which 
the chloride requirements can be fairly accurately estimated. Coller 
and Maddock have advised that \ gm. of sodium chloride per kilogram 
of body weight in the form of normal saline solution be given for each 
100 mg. per cent that the plasma chlorides are below the normal level. 
Instances occur in which 4,000 to 5,000 cc. of saline solution must be 
given to satisfy these requirements. A portion, perhaps one-half of such 
an amount, can be safely given intravenously but the remainder should 
be injected subcutaneously. 

Other factors must be considered in estimating the day-to-day fluid 
requirements. Newberg has pointed out that a urine output of ap- 
proximately 1,500 cc. is required to clear the body of the end products 
of its nitrogenous metabolism if the concentrating powers of the kidney 
are seriously impaired. It is, therefore, desirable to note the specific 
gravity of the urine. If this is 1.020 to 1.025, it will be sufficient if the 
urine output is maintained between 700 to 1,000 cc. The amount of 
fluid which must be given to produce such an output is dependent on 
several factors. The most important of the«e are: (1) fluid lost by 
evaporation of the perspiration, (2) fluid lost by evaporation through 
the lungs, and (3) fluid lost by aspiration through an indwelling duo- 
denal and enterostomy tubes. The last of these losses can be accurately 
measured, but the first two must be estimated. Unless sweating 
excessive, 2,500 cc. will usually equal the amount of fluid lost by evapo- 
ration from the skin and lungs. The daily volume of fluid required in 
most cases is somewhat greater thau this figure. The net of fluid 
through the aspirating tube must be considered and aI<*o the volume of 
the urine output desired. A considerable quantity of water results from 
the chemical reactions of metabolism, however, =o that the actual 
amount needed is somewhat smaller than might be supposed at first- 
By experience it has been found that in the average case ioring approxi- 
mately 1,000 cc. of fluid per day through an aspirating tube, a net daily 
fluid intake of 3,000 to 3,500 cc. is sufficient. 

The daily sodium chloride requirements are best determined by fre- 
quent estimations of the blood chloride level or the amount of sodium 
chloride excreted in the urine. A normal level of 560 to 640 mg. per cent 
of chloride expressed as sodium chloride should be maintained in the 
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blood plasma. Since chloride is a threshold substance, the body only 
excretes in the urine that portion for which it has no use. The presence 
of appreciable amounts of it in the urine, therefore, will not occur unless 
an adequate supply is available. If the administration of chloride is so 
regulated that 2 or more gms. of sodium chloride are excreted in the 
urine passed in twenty-four hours and if that urine is adequate in 
amount, there is little danger that insufficient quantities of either water 
or sodium chloride are being given. On the other hand the improper 
administration of fluids more often results in the giving of too large 
quantities of salt. Under such circumstances edema develops. Five 
hundred to 1,000 cc. of normal saline solution in the usual case ade- 
quately covers all the chloride requirements unless the amount lost in 
the fluid aspirated from the stomach is large. 

With experience, the surgeon will be able to rely less on laboratory aids 
and more on clinical evidence, but the proper administration of fluids is 
a difficult phase of surgery which has not been properly appreciated by 
the profession as a whole. Many patients have undoubtedly died from 
the effects of improperly administered saline solution. Edema from this 
source should be avoided as much as possible. Minimal degrees of this 
condition usually escape the notice of the physician who does not look 
for it. 

Administration of Blood. No patient with intestinal obstruction 
should be operated upon in the presence of shock. On the other hand, 
every patient with intestinal obstruction who is in shock should be 
operated upon as soon as the shock can be relieved. 

The surgeon must learn to distinguish the collapse attending hypo- 
chloremia from the shock attending strangulation. Saline solution is 
almost a specific for the former condition, but the only adequate treat- 
ment of shock is the intravenous administration of a sufficient amount 
of blood, plasma or serum to restore the volume of circulating blood to 
an amount which will insure a normal blood pressure. No arbitrary 
amount can be given and called adequate unless the blood pressure and 
pulse indicate that no more is required. 

Not infrequently patients with obstruction due to neoplasms present 
themselves with marked secondary anemias due to toxemia, chronic 
bleeding and dietary insufficiencies. These patients are greatly improved 
as surgical risks by one or more blood transfusions. Such treatment 
should be given if possible before any operation is performed. 

The Nonoperative Treatment of Intestinal Obstruction. Cer- 
tain cases of complete simple small bowel obstruction can be treated 
successfully without operation if an adequate decompression of the prox- 
imal bowel can be accomplished by aspiration through an indwelling 
tube. Wangensteen and Paine, in 1932, reported the first series of cases 
thus managed. Cases which are amenable to this type of treatment are 
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usually those in which the obstruction is due to adhesive bands or to a 
temporary edema secondary to an acute inflammation. Not infrequently 
both of these processes may be present as in instances occurring during 
the course of a suppurative appendicitis or salpingitis. Decompression 
apparently allows a local edema in the walls of the gut at the site of 
obstruction to subside and the kink in the bowel at this point to 
straighten out. The method is not successful in every instance and the 
obstruction may recur; but if it is tried in suitable cases, many patients 
will be spared the dangers and discomforts of a serious operation. 

Decompression may be attempted with the Miller-Abbott tube as 
previously described. If this is successful, the patient will frequently 
within twelve to thirty-six hours pass flatus or have a bowel movement. 
In the absence of either or both of these acts a roentgen film of the ab- 
domen may show the passage of gas into the colon which on previous 
films appeared empty. Such evidence combined with the nonrecurrence 
of crampy pain when the aspirating tube is clamped indicate that the 
lumen of the intestine has reopened. The aspirating tube, however, 
should not be removed until the patient has demonstrated over a period 
of hours his ability to ingest liquids without cramps, nausea or vomiting. 

Should decompression not be obtained within forty-eight hours, it is 
best as a rule to resort to operative interference. No attempt should 
ever be made to treat a strangulating obstruction or a complete obstruc- 
tion of the colon by aspiration alone. These patients must always be 
considered as surgical emergencies and operated upon as soon ns their 
condition warrants. Aspiration is carried out in all such cases, but only 
as a valuable adjunct to the indicated operation. Those cases of simple 
obstruction in which the nonoperative method is tried but fails should 
not occasion the surgeons any remorse. If an operation proves necessary 
in the end, it is one of election rather than one of emergency. The pa- 
tient’s general condition will be much improved by the ample time af- 
forded for adequate preoperative treatment. 

Operative Treatment of Intestinal Obstruction: Indications. 
The indications for urgent operative intervention in cases of intestinal 
obstruction are as follows: (1) The presence ol a strangulation obstruc- 
tion; (2) the development of signs of strangulation in a case of simple 
mechanical obstruction of the small bowel; (3) the presence of a com- 
plete obstruction of the colon; (4) the failure to achieve a decompression 
of an acute simple mechanical obstruction of the small bowel after forty- 
eight hours’ aspiration through an indwelling tube or the recurrence of 
such an obstruction after decompression has been accomplished; and 
(5) the presence of a partial obstruction whose symptoms cannot be re- 
lieved by dietary measures or which is caused by a lesion intrinsically 
dangerous to the life of the patient such as a neoplasm. 

Preoperative Treatment. Aspiration through an indwellng tube 
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should be started on allpatients with intestinal obstruction of whatever 
cause as soon as the diagnosis is made. Other than this, many patients, 
if seen early in the course of their illness, require no special preoperative 
treatment. Many patients with acute obstruction of the colon fall in 
this category and occasionally patients with a strangulated hernia if 
seen early can be so classified. Most patients, however, are greatly bene- 
fited by the preoperative administration of saline and glucose solutions. 
Patients with strangulations should always be given blood transfusions. 
The details of these matters have been discussed previously. 

If operation is delayed for a day or two, sufficient time will be af- 
forded to correct any deficiency which may be present in vitamin B and 
C. The importance of an adequate supply of these dietary elements in 
the surgical patient has been emphasized recently by Holman and others. 
For patients that require them, 5 mg. of thiamin chloride, 50 mg. of 
nicotinic acid and 50 mg. of cevitamic acid given twice dailj r will be 
sufficient. 

The usual preoperative enema can be dispensed with. In case of 
strangulation it is definitely contraindicated. In all cases, however, care 
should be taken to see that the patient reaches the operating room with 
his bladder empty. This is a particularly important consideration in pa- 
tients to whom large amounts of fluid have been given preoperatively. 

Preoperative Medication. The usual combination of atropine sul- 
phate gr. 1/150 and morphine sulphate gr. 1/0 or 1/4 is quite satisfac- 
tory for the average patient. Care must be exercised in the administra- 
tion of morphine to the aged and very young, due to their increased 
sensitivity to this drug. In the clinic with which the writer is associated 
such patients are routinely given codeine sulphate in appropriate doses 
instead of morphine. Likewise the dose of atropine given to young chil- 
dren must be carefully judged. Doses as small as 1/600 gr. are frequently 
all that is safe and in infants doses of 1/000 gr. are indicated. 

The administration of moderate doses of sodium pentobarbital or 
other barbituric acid derivatives an hour and a half before operation is 
practiced in many clinics. Such medication appears to decrease the 
amount of the general anesthetic agent required and is especially helpful 
if local or spinal anesthesia is to be employed. 

Choice of Anesthetic. At the present time the surgeon has a wide 
choice of anesthetic agents from which to select that which is best suited 
for the patient concerned and the operation to be performed. Many 
surgeons have favored spinal anesthesia above all others for cases of 
obstruction. It is usually eminently satisfactory although the author’s 
experience with it has been limited. The continuous aspiration of the 
gastrointestinal tract which should be routine in the treatment of all 
cases of obstruction and which should be continued during the period of 
the operation has removed the fear of regurgitation of gastric contents 
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and their aspiration into the lungs during an inhalation anesthesia. The 
author prefers, for the usual case, the inhalation of cyclopropane or 
ethylene reinforced with ether if necessary. 

Although experience is limited, it would appear that in the hands of 
an experienced anesthetist pentothal given intravenously in combination 
with curare is satisfactory for abdominal surgery. Obstruction should 
not contraindicate its use. In critically ill patients, or in those who are 
poor surgical risks, the amount of general anesthesia required can be 
greatly decreased and at times even omitted if the local injection of 
1 per cent procaine in the abdominal wall is used and if a splanchnic 
block is done after the abdomen is opened. Some operations such as an 
enterostomy can be done with only infiltration of the abdominal wall. 

Incision. The surgeon’s choice of incision will depend a great deal on 
the diagnosis of the type of obstruction present. It should be pointed 
out here that in the presence of an acute obstruction all surgery should 
primarily be directed toward decompression of the obstructed bowel. 
The least surgery necessary to accomplish this is the best. Therefore, the 
two operations most frequently necessary are enterostomy and colos- 
tomy. If the obstruction is in the ileum, a low right paramedian incision 
serves the purpose quite well. The rectus muscle may be split near its 
medial border or dissected from its sheath and retracted laterally. If the 
obstruction is in the jejunum, the incision should be placed over the left 
rectus muscle in the midportion of the abdomen. If a colonic obstruction 
is present, the best results will be achieved by making the incision over 
the transverse colon and parallel to it just to the right of the midline. 
Through this incision the inner fibers of the rectus muscle can be cut 
transversely and the remainder of the muscle retracted laterally. The 
exact position of the colon can be determined by taking a film of the ab- 
domen with a coin placed on the umbilicus. For practical purposes, 
however, if the incision described above is made half way betv een the 
umbilicus and the ensiform cartilage, an adequate exposure will be ob- 
tained. 

If the operation contemplated must be of an exploratory character, 
a long paramedian incision with splitting of the rectus muscle or retrac- 
tion of it laterally is best. 

Abdominal Exploration. Manipulation of the abdominal contents 
in the presence of intestinal obstruction must be kept at a minimum. 
Any surgery performed must be aseptic. Any spillage of intestinal con- 
tents is certain to produce death from peritonitis. Why this is true is not 
definitely known, but two important factors appear: the increase in the 
number of bacteria in the intestine and the lowered resistance of the 
peritoneum to infection which occurs as an effect of distention. 

The surgeon’s curiosity to determine the nature and extent of the ob- 
structing mechanism has in many cases lead to circumstances which 
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proved fatal to the patient. The friability of the wall of the obstructed 
distended small bowel is great. It must be handled with great care. If 
an adhesive band is the cause of the obstruction, the point at which this 
band impinges on the wall of the bowel is especially liable to be torn by 
an ill advised exploration. 

A certain amount of inspection and manipulation of the abdominal 
contents is, of course, necessary. The first point to be determined is 
whether the pre operative diagnosis of large or small bowel obstruction 
is correct. Having decided which portion of the intestinal tract is ob- 
structed, it must next be determined whether or not a strangulation is 
present. Usually this question is settled by the presence or absence of a 
blood tinged peritoneal fluid -which may or may not be foul smelling. 
Occasionally, however, as in cases of intussusception the bowel itself 
must be examined. 

As soon ns the questions indicated above have been answered explo- 
ration should cease and the indicated operation performed as carefully 
as possible. 

Operative Procedures 

Release of the Obstructing Mechanism. Release of the obstruct- 
ing mechanism should, as a rule, be attempted only in instances of stran- 



Fk*. IDS. Method to be employed in cutting on adhesion hich 
baa produced a complete obstruction of the small intestine. Such 
a procedure is dangerous unless the proximal bowel has been pre- 
viously decompressed by aspiration or enterostomy. 

gulation. If that portion of the bow r el to which the circulation is ob- 
structed is still viable, release of the obstructing mechanism is all that 
may be required to cure the patient. If the bowel is nonviable, it wall 
have to be dealt with as explained later. In certain cases of simple ob- 
struction of the small bow-el, if the patient is operated upon early, the 
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surgeon may be justified in seeking out the obstruction and relieving it. 
Usually this means the division of an adhesive band or constricting ring 
of peritoneum. The longer the obstruction has been present the more 
dangerous such a procedure becomes, due to the local necrosis of the 
bowel at the site of the band or ring. The sudden dilatation of the bowel, 
when the obstruction is relieved, frequently causes a rupture of its wall 
at this point and floods the peritoneum with fecal contents. 

The technic to be employed should be simple division of the adhesive 
band with the scissors or scalpel (Fig. 198). If a scalpel is used, a grooved 
director or Kocher dissector should also be employed to prevent injuring 
the bowel itself. Particular care must be taken not to cut inadvertently 
any of the blood vessels of the mesentery. The proper technic for dealing 
with strangulated hernia is discussed elswhere in this work. 

Enterostomy (Fig. 199). In the past, enterostomy has been con- 
demned by many as a poor operation, attended by a high mortality and 
followed frequentlj’ by a chronic intestinal fistula. Such a conception 
arises from errors in technic or from the method by which the operation 
has been performed. A proper appreciation of the principles inherent in 
the method first described by Witzel and the use of a catheter no larger 
than a F.14 or F.1C make enterostomy a safe and extremelj' useful 
operation for patients with intestinal obstruction. 

The purpose of an enterostomy should be to proride a vent for the 
escape of gas and fluid from an obstructed small bowel. This may be 
only a temporary measure which must be followed by another operation 
to release or remove the obstructing mechanism, but many cases of ob- 
struction due to adhesions will be found to be permanently relieved, or 
relieved for an indefinite time through the effect of the enterostomy 
alone. Just as decompression obtained through the agency of an indwell- 
ing intestinal tube in certain ca*cs of acute small bowel obstruction re- 
lieves the obstruction, so also docs decompression obtained through an 
enterostomy tube. Other uses of enterostomy include the decompression 
of obstruction of the cecum and ascending colon. In these cases cecos- 
tomy may have disadvantages which can be avoided by making an 
enterostomy immediately proximal to the ileocecal valve and inserting 
the tube through the valve into the colon. After resections of the bowel 
an enterostomy made proximal to the site of anastomosis serves as a ' 
safety valve for any distention which may occur postoperative!}-. This 
affords the best insurance possible against a possible blow-out of the 
suture line. Frequently, the use of the indwelling tube makes it possible 
to dispense with an enterostomy for this purpose, however. 

A loop of bowel, about eight inches long, a short way above the point 
of obstruction should be chosen and gently isolated from the remaining 
coils of intestine with hot, moist laparotomy sponges. This loop should 
then be emptied of most of its contents by passing two extended fingers 



Fio. 190. Technic of enterostomy. The scored catheter is placed parallel 
• with the bowel on the antimesenterie surface and sutured in place. The 
peritoneal tunnel is begun proximally and continued for about two inches 
A small wound through the wall of the bowel enables the catheter to be 
threaded through into the lumeh with no spillage. The peritoneal tunnel 
is then extended to cover this opening completely. A second row of Hoisted 
mattress sutures of fine silk should be used to insure against leakage. 

needle. A dry sponge pressed for a few seconds over the site of the needle 
hole prevents any contamination from this source. The bowel wall con- 
tracts when the loop has been emptied and as it contracts, its wall re- 
gains its normal thickness so that it can be sutured safely. 

The circumference of the catheter to be used should be scored with 
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the scalpel about four inches from its tip and a strand of fine catgut tied 
about it at this point. This suture must not be tied so tightly that it 
obstructs the lumen of the catheter. The catheter is then clamped at its 
proximal end and placed parallel with the bowel on its antimesenteric 
surface. The ends of the suture previously tied about the catheter arc 
then threaded on intestinal needles and stitches taken on either side so 
that when tied the catheter is inverted within a tunnel of peritoneum. 
A continuous fine catgut suture is then started about two inches proxi- 
mal to this first suture and stitches are taken alternately on both sides 
of the catheter so that when pulled up, it completely covers the catheter 
in a tunnel of the intestinal wall. This suture is continued to a point 
about three inches proximal to the tip of the catheter. At this point the 
bowel should be grasped at either side by Allis forceps and held so that 
a small stab incision can be made into its lumen. The catheter is then 
pushed through this opening so that between two and three inches of it 
extend into the lumen of the bowel. The continuous suture is then ex- 
tended about two inches farther to prevent any leakage from the stab 
incision around the catheter. A single stitch of fine silk is next taken 
beneath the catheter at the proximal end of the tunnel to approximate 
the bowel tightly about the catheter. Interrupted Halsted mattress su- 
tures of fine silk should then be used to make a second suture line and 
reinforce the catgut. The proximal end of the catheter can be led out 
through the incision or a stab wound at one side of the incision in the 
abdominal wall. If possible, the omentum should be approximated about 
the catheter as it passes through the abdominal wall. 

Colostomy (Fig. 200). Any case of acute obstruction of the colon 
must be first decompressed through a colostomy before any attempt can 
safely be made to remove the obstructing lesion itself. Since most ob- 
structions occur in the left half of the colon, a colostomy made in the 
transverse colon will serve the purpose of decompression just as well ns 
a cecostomy and is to be preferred. 

Here ngain the problem of asepsis must receive the greatest considera- 
tion. Even in the best of hands cecostomy is associated with the develop- 
ment of peritonitis in a fair percentage of cases and a moderate mor- 
tality. On the other hand, a colostomy can be made in the transverse 
colon aseptically and with a very low mortality. There remain, however, 
occasional cases in which the point of obstruction is obviously not suited 
to a colostomy of this type. Such cases are probably best decompressed 
by an enterostomy made in the terminal ileum. If this method is em- 
ployed rather than cecostomy, the surgeon must be sure that the 
enterostomy tube passes through the ileocecal valve into the cecum or 
ascending colon. 

A transverse colostomy is best made through the incision in the right 
upper quadrant previously described. When the peritoneal cavity is 
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opened the distended colon is usually seen or felt immediately below the 
point of incision. The omentum, if in the way, should be pushed to one 
side. A short segment of the transverse colon is then herniated into the 
incision and a glass rod passed beneath it through the mesocolon. Inter- 



Fig. 200. Technic of making a colostomy in the transverse colon. A portion of the 
transverse colon has been herniated through a transverse incision just to the right of 
the mid-line half way between the unbilicus and ensiform process. The medial part of the 
rectus muscle has been cut transversely. A glass rod placed through the mesocolon holds 
the bowel in place while interrupted sutures of fine silk are used to suture the peritoneum 
to the appendices epiploicae and mesocolon. After the operation is completed the distended 
bowel is decompressed by aspiration through a large needle as seen in the insert. 

nipted stitches of fine silk are then placed between the cut edges of the 
peritoneum and the surrounding mesocolon, omentum and appendices 
epiploicae. When tied these stitches should effectually prevent any fur- 
ther herniation of the colon or other abdominal viscus. The layers of the 
abdominal wall require, at the most, only two or three interrupted 
stitches at each end of the incision to complete the operation. 
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After vaseline strips have been placed carefully over the incision and 
all the exteriorized colon, except one small area, a needle connected to 
a source of negative pressure should be inserted into the lumen of the 
colon and as much gas and fluid as possible aspirated. This should be 
repeated every eight hours for the first twenty-four hours. At the end of 
this time a catheter can be inserted into the colon and fastened with a 



Fi« 201. Exteriorization of a loop of Mnall bowel £uch a procedure is 
proper if the viability of the loop is questionable at the time of operation. 

If the bowel is gangrenous or becomes eo after exteriorization, clamps 
should be applied to each end a short distance from the skin and the inter- 
vening bow el cut aw ay The clamps can be removed after four to five days 
when the wound is saftly scaled An enterostomy placed in the bowel just 
proximal to this point or continuous aspiration through an indwelling tube 
must be employed to control the obstruction produced while the clamps 
are in place 

purse-string suture. Irrigations of small quantities of water through this 
catheter at intervals and continuous aspiration insure a satisfactory con- 
trol of the distention until the colon can be opened safely with a cautery 
on the fifth or sixth day after operation. 

Exteriorization (Fig. 201). Exteriorization of a portion of the in- 
testinal tract has been a well established principle of abdominal surgery 
since Mickulicz and Block independently recommended such a proce- 
dure in the treatment of certain carcinomas of the colon. This operation 
has a definite place in the treatment of strangulation obstruction. It 
allows the gangrenous bowel to be removed from the peritoneal cavity 
with as little manipulation and as quickly as possible. It is particularly 
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suitable for patients critically ill in whom the ability to withstand a 
prolonged, involved procedure is questionable. Exteriorization, on the 
other hand, has certain disadvantages. First, and foremost, is the fact 
that the patient is left at least temporarily with a complete intestinal 
fistula. For the re-establishment of the continuity of the bowel an ad- 
ditional operation must be performed later. 

The potential seriousness of a complete intestinal fistula depends 
largely on two factors: (1) the level in the bowel at which the fistula is 
made, and (2) the age of the patient. The higher the fistula is, the greater 
will be the nutritional problem involved in caring for the patient. Such 
patients require not only careful supervision of their caloric intake but 
also meticulous attention to the maintenance of their electrolyte bal- 
ance. These problems are more difficult of solution in children than in 
adults. In infants, high intestinal fistulas ore extremely serious and are 
attended with a high mortality despite the utmost of skill and care 
exercised in their treatment. The surgeon should possess a thorough 
knowledge of the problems mentioned above and must weigh carefully 
the advantages and disadvantages pertaining to exteriorization in the 
individual patient concerned before proceeding with the operation. 

If the present enthusiasm for aseptic types of intestinal anastomosis 
and the development of new technics succeed in decreasing the incidence 
of peritonitis and the mortality associated with primary resection and 
anastomosis in the presence of acute obstruction, the indications for ex- 
teriorization will be more limited. Despite this, many cases will remain 
in which exteriorization is the least of several evils when a segment of 
bowel must be removed to save a life. 

Rarely the operator will be unable to decide definitely whether or not 
a strangulated loop of bowel is viable after the constricting mechanism 
has been released. In such situations exteriorization offers a middle 
course between proceeding with a resection which may not be necessary, 
and closing the abdomen which may contain non viable gut. If the ex- 
teriorized bowel is covered with vaseline dressings, its ultimate survival 
or death can be awaited with equanimity. If time brings recovery, the 
abdominal incision can be reopened and the bowel returned to the peri- 
toneal cavity with very little risk to the patient. 

The technic of exteriorization is not difficult. After the gangrenous 
loop of intestine has been freed from any surrounding adhesions, it, to- 
gether with two or three inches of normal bowel at either end, is lifted 
to the exterior of the abdomen. Any serosanguineous fluid in the peri- 
toneal cavity should be aspirated. If circumstances permit, the mesen- 
tery of the normal bowel at the ends of the gangrenous loop should be 
approximated with interrupted stitches. On one side the normal bowel 
and on the other the mesentery of the exteriorized bowel should be 
fastened to the adjacent peritoneum to prevent any further evisceration. 
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The ends of the incision should then be closed so that only the index 
finger can be passed into the peritoneal cavity with facility. The mesen- 
tery of the bowel itself should be left under as little tension as possible. 
Vaseline strips should be used to cover the exteriorized bowel and in- 
cision. 

If the exteriorized bowel is frankly gangrenous, it had best be excised 



Tio. 202. Aseptic eide-to-side anastomosis of the small intestine after a resec- 
tion has been performed. The ends of the bowel have been closed. The intestinal 
clamps have been applied to the side of the bowel, and the outer row of Ifalstcd 
mattress sutures on the posterior surface have been applied. 

immediately. For this purpose, heavy intestinal clamps applied to the 
viable portions of the exteriorized gut adjoining each end of the gangren- 
ous loop and left in place for as long a period as possible afford the best 
assurance against a wound infection or peritonitis. Under such circum- 
stances provision must be made for decompression of the obstructed 
proximal bowel. Aspiration through an indwelling tube may prove suf- 
ficient. However, the insertion of a catheter as an enterostomy, by the 
technic described elsewhere in this chapter, immediate!}* proximal to the 
proximal clamp is a safer procedure. Another alternative is the insertion 
of a large tube into the Lumen of the proximal bowel and the ligation of 
the bowel about it. By this arrangement the intestinal contents can be 
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collected and returned to the distal bowel for assimilation and absorp- 
tion. 

Resection and Primary Anastomosis. Because of the individual's 
poor resistance to peritonitis from intestinal contamination when ob- 
struction is present, resection of the bowel and primary anastomosis, 
except when performed aseptically, are fraught with danger and are at- 



Fig. 203. Same ns previous figure The inner row of Cushing mattress sutures on the 
posterior surface has been inserted. The cautery is used to remove a small portion of 
the bowel wall projecting beyond the edge of the clamps. 

tended by an extremely high mortality. Some writers have placed the 
mortality of such procedures as high as 85 to 90 per cent. Preliminary 
decompression either by an indwelling tube, an enterostomy or a colos- 
tomy, as the case indicates, however, changes the picture considerably. 
A decompressed bowel can be resected and an anastomosis performed 
with only a moderate risk to the patient. 

Resection of bowel in the presence of an acute obstruction of either 
the small intestine or colon, should be considered only in cases of stran- 
gulation and should be performed only when the surgeon has decided 
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that the great risks attending this procedure are less than those involved 
in exteriorization. Specifically, resection and anastomosis will be indi- 
cated only in those rare cases of strangulation involving the jejunum in 
adults, and the ileum or jejunum in young children and infants. 



Fi<: 201 Same as previous fgure. The clamps ha'c been rotated inward and fastened 
together with ferrule and clamp. The inner row of Cushing mattress sutures on the an- 
terior surface has been placed but not tied. As clamps are withdrawn, tension is main- 
tained on these sutures They are then tied 


After preliminary decompression has been obtained, the indications 
for resection in dealing with a persisting obstructing mechanism em- 
brace a much wider variety of lerions. Typically, these include carci- 
nomas, certain benign tumors, benign steno<=es from various cause* and 
dense multiple adhesions. 

The technic employed should avoid opening the bon el and should be 
carried out aseptically. Wangensteen has described such a method, 
which clinical experience has proved to be quite satisfactory. This 
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method is adaptable to any type of anastomosis anywhere in the gastro- 
intestinal tract. Figures 202 to 209 show the steps in this method for 
end-to-end, end-to-side and side-to-side anastomoses. For a detailed 
description of the method the reader should consult the original article 
noted in the bibliography. 



Fio. 205, Same ns previous figure. The anastomosis is finished with the outer row of 
Hoisted mattress sutures on the anterior surface. The thumb and forefinger should be 
herniated through the site of the anastomosis to open the bowel w here it has been crushed 
by the clamps. Reinforcing sutures should l»e placed at each end of the anastomosis to 
prevent tension on the suture lines. 


The principles of this method are as follows: Two modified Martzloff- 
Burget clamps with narrow blades and a ferrule to hold the opposed 
blades of the clamps in line are used. In addition a locking device and 
double ferrule are employed to approximate the two clamps while the 
anterior layers of sutures are being inserted. Two layers of sutures are 
used, those on the posterior surface being placed first with the intestinal 
clamps rotated outward (Figs. 202, 203), and those on the anterior sur- 
face being placed after the clamps have been rotated inward and locked 
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TiO 20G. Fwl-to-cnd anastomosis of the bowel after segmental resection 
To insure the vitality of the antimesenteric portion of the bow el, it ahouhl 
he cut slightly oblique, Halsted mattress sutures are inserted about I cm 
from the intestinal clamps which arc turned outward. These form the outer 
layer of sutures on the posterior surface. 



Fto. 207. Same as previous figure. The Hoisted mattress sutures have 
been tied. A line of Cushing mattress stitches are used to form the inner 
layer of sutures on the posterior surface. 
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with ferrule and clamp (Fig. 204). Interrupted sutures of fine surgical 
silk may be used throughout the procedure, although the inner layer 
can be made with a continuous suture of fine chromic catgut on an 
atraumatic needle if the operator desires. After the inner line of stitches 
on the anterior surface has been placed, but not tied, the clamps are 
loosened and gentle traction made on the sutures as the clamps are with- 



Fio. 208. Same as previous figure. The posterior sutures have been placed and 
tied. The intestinal clamps have been rotated inward and clamped together. The 
inner layer of sutures composed of Cushing mattress stitches has been placed. 

drawn (Fig. 204, ins.). This maneuver closes the anastomosis and elimi- 
nates any chance of spillage as the sutures are tied, one by one, while 
traction is maintained on the others. The outer reinforcing layer is then 
inserted and tied in the usual manner (Fig. 205). At the completion of 
the operation the fingers are worked back and forth at the site of the 
anastomosis to open the ends of the bowel which have been crushed by 
the clamps. 

Usually, an oblique end-to-end anastomosis will be preferable to an- 
other type in those cases in which a segment of bowel is to be removed 
(Figs. 206, 207, 208, 209). The bowel should be cut with the cautery im- 
mediately adjacent to the clamps to avoid any chance of contamination. 
If the above described technic is employed in performing a side-to-side 
anastomosis the damps must be applied to the side of the bowel and 
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must enclose ■within their blades some of the mucosa as well as the raus- 
cularis of the intestinal wall. The projection of the bowel beyond the 
clamp is then removed with the cautery and the sutures applied as de- 
scribed above. 

Entero anastomosis. When obstruction is produced by a lesion such 



Fig. 209. Same as previous figure The stitches forming the inner layer on the 
e.aterv» (vsxfo&e, fc.s.v<* hues. v*d alter K\vt v.«s* 'Kilh.dra.’KW TiwAv&w 

sutures at each end or the anastomosis arc held taut while the anastomosis is 
completed with a row of Ilalsted mattress sutures. The operation is completed 
by sewing the cut edges of the mesentery together 


as a malignant tumor which cannot be removed, the continuity of the 
intestinal tract may be restored by a side to side anastomosis between 
the proximal and distal segments of bowel (Fig. 210). Likewise, such a 
procedure will be in order occasionally in cases in which the obstruction 
is due to adhesions which are too numerous or dense to be severed and 
in which a resection of this portion of bowel is contraindicated. 

In these cases the technic described in the preceding paragraph^ 
should be wed. 
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Postoperative Treatment: Care op the Wound. The care of the 
abdominal wound should be similar to that of any laparotomy wound. 
If there is no drainage and convalescence is uneventful, the dressings 
applied in the operating room at the completion of the operation need 
not be disturbed for nine or ten days. At this time they should be rc- 



Fjg. 210. A carcinoma of the ovary which has involved a loop of ileum 
by direct extension and produced a partial obstruction. A sidc-to-side 
anastomosis has been performed to short circuit the intestinal tract and 
relieve the obstructive symptoms. If such a tumor can be removed, the 
ileum should be resected and an anastomosis made to re-establish the con- 
tinuity of the intestine. 


moved and the skin sutures removed. If primary healing has occurred, 
further dressings will be required for only an additional twenty-four 
to forty-eight hours. 

Any enterostomy tube should be kept fastened securely to the skin of 
the abdomen with adhesive tape as well as to the dressings applied over 
the incision. Especial care must be exercised not to remove the tube 
inadvertently when the abdominal dressings are changed. 

If bowel has been exteriorized as in a colostomy or after the exteriori- 
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zation of bowel of questionable viability, it should be kept covered with 
strips of vaseline gauze. In addition, similar strips should be applied 
closely over the points at which bowel and skin come in contact to pre- 
vent contamination and infection of the abdominal wall and peritoneal 
cavity. In addition, gauze and absorbent pads should be applied over 
these vaseline dressings. This more or less bulky dressing must be re- 
moved from time to time, as indicated, for examination. For those cases 
in which an entire loop of bowel has been exteriorized, a further protec- 
tion in the form of a cardboard box with the walls cut to approximate 
the contours of the abdomen can be employed. 

Rarely after a colostomy, but always after a fistula of the small bowel 
has been made, provision must be taken to protect the surrounding skin 
from irritation due to the fecal discharge. There is no agent or method 
W'hich will control this situation ideally. Various salves and preparations 
have been recommended. The author employs 5 to 10 per cent tannic 
acid in vaseline as an ointment applied frequently and liberally with 
fairly satisfactory results. 

Medications. As after any abdominal operation patients with intes- 
tinal obstruction, who are operated upon, require sedatives and narcotics 
to relieve their pain in the immediate postoperative period. Morphine 
sulfate or codein hydrochloride in appropriate doses according to the 
age, size and general condition of the patient are effective and generally 
quite satisfactory. In order to prevent addiction, the use of such nar- 
cotics should be closely supervised after the first forty-eight hours. As 
soon as possible, milder sedatives should be substituted to coutrol any 
restlessness which may remain after the acute pain of the operation has 
subsided. Sodium phenobarbital in 2 gr. doses is quite effective if hypo- 
dermic administration is necessary; otherwise, sodium pentobarbital, 
gr. If, sodium amytal, gr. 2, as well as other barbituric acid derivatives 
can be used. 

The use of prostigmine, mecholyl and other drugs alleged to increase 
peristalsis and minimize gas pains is not necessary if gastroduodenal 
aspiration is maintained routinely for three or four days after operation. 
The author does not use such drugs at all and would advise against their 
use except in very exceptional cases. 

It is well to give one or two ounces of mineral oil daily as soon as 
gastroduodenal aspiration is discontinued and the patient begins to eat. 
Such a regime frequently eliminates the necessity of giving enemas and 
increases the patient’s comfort until normal bowel habits are resumed. 

As previously indicated the development of peritonitis following oper- 
ations performed on the bowel in the presence of acute intestinal ob- 
struction is a most important factor contributing to the notorious high 
mortality of this condition. The use of the sulphonamide compounds and 
penicillin may be of help in decreasing the incidence of infection and 
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thereby reducing the mortality. Results in a few cases personally wit- 
nessed by the author led him to believe that there is a place for these 
drugs in the treatment of certain cases of intestinal obstruction. 

Aspiration op tiie Gastrointestinal Tract dy Suction Applied 
to an Indwelling Tube. All patients with an obstruction for which an 
operation has been necessary should have suction applied to an indwell- 
ing tube continued for two to four days after the operation. No arbi- 
trary limit can be set at which such treatment can be discontinued. The 
purposes of this form of treatment and the principles of its employment, 
previously discussed, must be kept in mind. This type of treatment gives 
the great protection to anastomotic suture lines and controls the dis- 
tention of paralytic ileus better than any drug. 

Administration of Fluids. The principles of fluid administration 
have been covered in some detail. Postoperatively, fluids must be sup- 
plied by para-oral routes until intestinal aspiration is discontinued and 
an adequate oral intake is possible. The loss of chlorides through aspi- 
ration as well as that which may occur from an intestinal fistula must 
be compensated for by the administration of normal saline solution. The 
remainder of the fluid requirement should be supplied in the form of 5 
or 10 per cent glucose solution in distilled water. 

Special Remarks on the Various Anatomic Types 
of Intestinal Obstruction 

1. Atresia op the Intestinal Tract. This subject is dealt with 
elswhere in this work. 

2. Imperforate Anus. This subject is dealt with elsewhere in this 
work. 

3. Tumors and Strictures of the Bowel Wall. Both benign and 
malignant tumors developing in the wall of the bowel may produce ob- 
struction. All clinicians arc well aware of the frequency of colonic ob- 
struction. due to a constricting carcinoma. In the colon such cases are 
far more frequent than obstruction produced by a benign tumor. On 
the other hand, in the small intestine the incidence of carcinoma is rela- 
tively rare. Many more cases of obstruction of this portion of the bowel 
are due to benign tumors than to carcinomas. Of the nonmalignant stric- 
tures of the bowel which produce obstmetion those due to tuberculosis 
are the most frequent. Other causes of these lesions are syphilis and 
ulceration due to the various types of enteritis. In the distal half of the 
colon an appreciable number of strictures are due to diverticulitis. 
Among other causes may be included infarction of a small segment of 
bowel which survives by revascularization from the omentum, fibrosis 
at the point of constriction after reduction of an incarcerated hernia, 
fibrosis of the bowel wall following x-ray radiation of the abdomen and 
regional enteritis. 
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Inasmuch as the obstruction produced by these lesions develops 
slowly, the s) r mptoms of a partial obstruction may be recognized and 
treatment begun before obstruction becomes complete. On the other 
hand, many patients wait until the severe symptoms of a complete oc- 
clusion supervene before seeking medical advice. Not infrequently, even 
the physician may overlook the existence of a partial obstruction if the 
symptoms are mild and intermittent in their occurrence. Even if sus- 
pected, negative evidence furnished by the x-ray, after a barium meal or 
enema, may cause such a diagnoris to be excluded from consideration 
unless it is borne in mind that benign strictures may be extremely diffi- 
cult to demonstrate in this manner. 

If the diagnosis can be established before the obstruction becomes 
complete, the patient should be treated in a conservative manner until 
a remission of symptoms occurs. At that time an operation of election 
should he performed and the obstructing lesion dealt with directly. The 
choice of operative procedures in such cases will lie between a side-to- 
side anastomosis of the gut, so that the fecal stream is short-circuited 
around the obstructing lesion, and a segmental resection of the lesion 
followed by some type of anastomosis to re-establish the continuity of 
the intestinal lumen. The latter procedure is to be preferred unless ex- 
cision of the lesion is impossible. 

In instances of acute obstruction of the colon or small intestine due 
to either a tumor or stricture, decompressioh of the distended proximal 
bowel must first be accomplished before the obstructing lesion itself can 
be safely attacked. For lesions in the small bowel decompression by 
means of intestinal aspiration should first be attempted. If this is suc- 
cessful, the obstruction can be attacked directly and dealt with as indi- 
cated above for partial obstructions. If decompression by aspiration is 
not successful, a preliminary enterostomy should be performed and the 
obstructing mechanism dealt with later at a second operation within 
ten days to two weeks. If the obstruction is in the colon, decompression 
through a colostomy should always precede an operation designed to 
re-establish the continuity of the intestinal tract. 

4. Obturation Obstruction: (a) Obstruction Due to Gallstones (Fig. 
211). Following the formation of a fistula between the duodenum and 
the gallbladder, gallstones of large size may gain entrance to the bowel 
and produce a simple mechanical obstruction. The lower ileum is most 
frequently the site of such obstructions since that portion of the Intesti- 
nal tract has the smallest diameter. Most cases of this nature are seen 
in middle or old age. Women are affected about three times as frequently 
as men. 

Characteristically, the patient presents a long history of biliary tract 
disease with a recent severe attack. Jaundice may or may not have been 
present. For the first day or two, the symptoms may be of an intermit- 
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tent obstructive character as the stone attempts to pass through the 
small bowel. If impaction occurs, the symptoms of a complete obstruc- 
tion quickly develop. Ulceration may occur at the site of impaction and 
in late unrelieved cases this may progress to perforation and be the cause 
of peritonitis. 

The correct diagnosis can be suspected at times from the history and 


1 * 


Fig. 211. Roentgenogram of the abdomen of a patient with a 
partial obstruction of the small intestine due to gallstones. A 
fistula has formed between the gallbladder and duodenum. Gas 
can be seen in the bile duct. There is some distention of the small 
bowel, but considerable gas is also seen in the colon. The gall- 
stones can be seen in the mid lower portion of the abdomen. 


confirmation can be obtained if the gallstone can be visualized on a 
roentgenogram of the abdomen. Not infrequently, however, even the 
most careful study of such films fails to reveal the stone. Suggestive 
evidence of a gallstone obstruction is offered by the visualization of air 
in the biliary ducts. This finding, of course, merely indicates the presence 
of a fistula between the duct system and the intestinal tract, but is fre- 
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quently seen on films of the abdomen of patients with gallstone obstruc- 
tion. 

f Treatment should include an enterotomy and removal of the stone. 
A right rectus incision is satisfactory. An attempt should be made to 
move the stone proximalty in the bowel before it is opened so that the 
enterotomj' incision can be placed in a portion of the Intestine which has 
not had its viability compromised by pressure due to a prolonged im- 
paction. In some cases this is impossible and the incision must be made 
at the original site of impaction. That segment of the bowel containing 
the stone should then be isolated between two rubber covered intestinal 
clamps. A line of interrupted Halstead mattress sutures should then be 
placed transverse to the long axis of the bowel and should extend about 
half of the way around the circumference. The ends of each suture should 
be tagged separately with a small hemostat and the middle portion of 
the sutures themselves retracted off the surface of the bowel nail with 
skin hooks while the enterotomy incision is made in the center. As soon 
as the stone is removed the sutures are released from the skin hooks and 
traction made on all the sutures at the same time by elevating the at- 
tached hemostats. This closes the opening in the bowel immediately and 
diminishes as much as possible the danger of fecal contamination. The 
separate stitches may then be tied one at a time and the line of closure 
reinforced with another layer of the same kind of sutures. 

The mortality of gallstone obstruction is high, being about 50 per cent 
in most reported series. The technic described above, fii>t used by Wan- 
gensteen, should improve the outlook of this condition if the diagnosis 
can be made reasonably early. 

(b) Foreign Bodies and Food. A variety of foreign bodies and various 
types of ingested material have been reported on occasions as being the 
cause of simple mechanical obstruction. Many of these cases have oc- 
curred among inmates of mental institutions. In years past, Murphy 
buttons used for intestinal anastomoses have failed to pass and produced 
obstructions. Accumulations of fruit seeds and grain husks are the more 
important causes of obstruction due to ingested foods. 

In general, these cases are rare. Either a partial or complete obstruc- 
tion may occur. Treatment should include the operative removal of the 
obstructing material through an enterotomy. A technic similar to that 
described for the removal of an obstructing galMone is advisable. 

(c) Enteroliths. Intestinal obstruction due to an enterolith i« rare. A 
few' cases are reported, however, in which alkaline *alts of minerals have 
been deposited around the nucleus of a foreign body and produced a 
stone large enough to occlude the lumen of the intestine. Such lesions 
occur in the colon and seem to be secondary to chronic fecal stasis. 

Symptoms of either a complete or partial obstruction may be present. 
Treatment should include the removal of the enterolith by a technic 
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similar to that described for the removal of an obstructing gallstone. 

(d) Worms. This rare condition is seen primarily in children, but an 
occasional case may be met with in adults. The ascaris lumbricoides is 
the parasite most frequently responsible. Obstruction occurs in the dis- 
tal portion of the ileum and may be either complete or partial in charac- 
ter. 

Treatment should include removal of the obstructing mass of worms 
through an cntcrotomy ns previously described or by resection of the 
involved portion of intestine. 

5. Megacolon. The cause of this condition is not fully understood. 
It may make its first appearance in adult life but usually has its incep- 
tion in childhood. The bowel is enormously dilated and the wall hyper- 
trophied. Obstruction occurs secondary to chronic fecal stasis and the 
gradual accumulation of inspissated fecal masses. A careful history is im- 
portant if a correct diagnosis is to be made. The striking features found 
on physical examination are a protuberant abdomen and large palpable 
fecal masses. 

Treatment of this condition after obstruction has developed should 
consist of a preliminary colostomy to decompress the colon and provide 
a means by which the fecal content can be removed. Later a bilateral 
lumbar sympathectomy may be performed. If this does not relieve the 
condition, a resection of the colon should be done. 

6. Extrinsic Compression of tiie Bowel. Obstruction of the bowel 
due to extrinsic pressure occurs usually at those points at which the 
bowel is firmly fixed to surrounding structures. Tumors of the pelvic 
organs and large tumors of tho mesentery are the most frequent causes. 
The obstruction is usually partial in character. 

Treatment should include the operative removal of the obstructive 
mass, if possible. If such a procedure is not feasible, a short-circuiting 
anastomosis can be constructed. Some tumors of the mesentery which 
may produce obstruction respond well to radiation therapy. 

7. Adhesions and Fibrous Bands. Intrapcritoneal adhesions and 
fibrous bands share with hernia the distinction of being the most fre- 
quent cause of mechanical obstruction of the small bowel. The relative 
frequency of these lesions in representative series of cases has been indi- 
cated in Table II. Adhesions and bands may be congenital in origin, the 
result of peritonitis or the result of trauma to the peritoneum at the time 
of a previous laparatomy. The type of obstruction produced may be 
simple or strangulating in character, partial or complete in degree. Ob- 
structions occurring in the immediate postoperative period are practi- 
cally all due to this cause. 

Because of the variation in the type of obstruction produced the treat- 
ment must be much more individualized than for other obstructive con- 
ditions. Many cases in this category, however, in which the obstruction 
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is simple in character, can be successfully treated by continuous aspira- 
tion through an indwelling tube without operative intervention. Of 
course, the obstructive mechanism remains unaltered by such a pro- 
cedure, but the obstruction to the passage of the bowel contents is over- 
come. No assurance can be given, however, that similar attacks will not 
occur subsequently. As previously indicated, unless such patients arc 
operated upon very early, search for and liberation of the obstructed 
loop of bowel is dangerous. In cases without strangulation, decompres- 
sion by intestinal aspiration should be attempted first. Failing in this, 
an enterostomy should be performed. A secondary operation can be car- 
ried out later if need be and the adhesions cut or the involved segment 
of bowel resected. If strangulation is present, the involved bowel must 
be either exteriorized or resected. 

8. External Hernia. This subject is dealt with elsewhere in this 
work. 

9. Internal Hernia. This subject is dealt with elsewhere in this 
work. 

10. Volvulus. There is a great geographical variation in the fre- 
quency of volvulus as a cause of intestinal obstruction. Many more cases 
are seen in eastern Europe than elsewhere. Most series show that it is 
the cause of about 10 per cent of all obstructions. The small intestine, 
the sigmoid flexure of the colon and the cecum are the usual sites of this 
lesion. A potential strangulating type of obstruction results. 

If this condition is recognized and operated upon early before defi- 
nite infarction occurs, untwisting the involved loop of bowel may bo all 
that is required. It should be borne in mind, however, that recurrence 
of a volvulus of the sigmoid colon is not infrequent. More radical thera- 
peutic procedures will be necessitated when the involved bowel is found 
not to be viable. These include exteriorization and excision with sub- 
sequent anastomosis and primary resection and anastomosis. 

11. Intussusception. A discussion of this condition as it occurs in 
children will be found elsewhere in this work. 

Seventy-five per cent of all cases of intussusception occur in children 
under two years of age. In adults the usual causes are tumors develop- 
ing in the wall of the bowel. These tumors include polyps, leiomyomas, 
lipomas and fibromas. The small bowel is more frequently the site of the 
primary lesion than is the colon. 

The presence of mucus and blood in the feces associated with the usual 
symptoms and signs of a simple obstruction constitute an almost unique 
symptom complex. Despite the fact that this lesion produces an infarc- 
tion of a portion of the involved bowel, the usual signs of strangulation 
are absent due to the fact that the circulation of the outer layer of bowel 
is not compromised. For this reason the serosangulncous exudation into 
the peritoneal cavity, characteristic of strangulations, fail* to occur. The 
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palpation of a sausage-shaped tumor within the abdominal cavity lends 
confirmation to a suspected diagnosis. If the apex of the intussusception 
has progressed so that it enters the colon, roentgenological examination 
of the abdomen with a barium enema usually demonstrates the lesion 
beyond question. 

All patients with intussusception should be operated upon as soon as 
the diagnosis is made. In many instances the intussusception can be 
manually reduced. Decision as to the viability of the bowel must be 
made at the time of operation. If the bowel is viable, the excision of the 
primary lesion should be postponed for ten days or two weeks, in order 
that the risks attending resection or exteriorization of the bowel in the 
presence of an acute obstruction may be avoided. It must be remem- 
bered, however, that the intussusception may recur during this period 
of waiting. Those patients in whom the bowel is found to be nonviablc 
must be subjected to resection or exteriorization. 

12. Errors in the Development of tiie Bowel. Most cases of ob- 
struction due to errors in the development of the bowel occur in child- 
hood and are discussed elsewhere in this work. Cases of obstruction due 
to a Meekers diverticulum, however, must be placed in this classification 
and many of these cases occur in adult life. The actual cause of the ob- 
struction is usually a fibrous band running from the apex of the diver- 
ticulum to the anterior abdominal wall or to a loop of small bowel. Either 
a simple or strangulating type of obstruction may be produced. Such 
cases should be treated according to the principles discussed for the 
treatment of obstructions due to adhesions and fibrous bands. 

13. Inhibition Ileus (Paralytic Ileus). This condition is funda- 
mentally due to an overactivity of the sympathetic nerves supplying 
the bowel. It constitutes the most frequent cause of intestinal obstruc- 
tion considered in its broadest sense. The obstruction is entirely func- 
tional in character and is due to the absence of normal peristaltic 
movements. The causes of inhibition ileus are many and include the 
following: 

Peritonitis 

Intra-abdominal operations 

External trauma of the abdomen 

Acute abdominal colics 

Torsions of abdominal viscera 

Retroperitoneal lesions 

The patient complains of no abdominal pain. There is no intestinal 
colic. Auscultation of the abdomen reveals relatively few borborygmi. 
Abdominal distention is always present, but the degree of the distention 
and the extent of th& bowel involved in it is subject to wide variation. 

Frequently, the occurrence of an inhibition ileus can be prognosti- 
cated. In such cases treatment should be begun before distention occurs 


Infectious fevers 

Injuries of the central nervous system 
Injuries to the spine 
Injuries of the chest 
Thoracic operations 
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rather than afterwards. The best treatment is to employ constant suc- 
tion to an indwelling duodenal or intestinal tube. This will remove all 
swallowed air as it passes into the stomach and intestine as well as a 
considerable proportion of that gas which is already present in the bowel. 
Cases in which the distention has become well established before suction 
is started occasionally present difficult therapeutic problems. Decom- 
pression from above is made more difficult by the absence of effective 
peristaltic movements. In such ca*es the addition of the administration 
of high oxygen concentrations, as described by Fine, may be of benefit. 
Spinal anesthesia to remove temporarily the effect of the sympathetic 
impulses on the musculature of the bowel wall has been recommended 
but the effect generally is only transitory. The intravenous injection of 
a hypertonic saline solution may also give temporary relief. A proper 
quantity for a patient weighing about 70 kilogram* would be 75 cc. of a 
15 per cent solution. 

The judicious use of constant suction applied to an indwelling tube 
has largely eliminated the necessity of performing enterostomies for this 
condition. Nevertheless, rare cases may be seen in which tliis method of 
decompression is justified. The surgeon should remember, however, that 
the obstruction due to this condition is both functional and temporary. 
For the control of distention of the colon in this condition, reliance 
must not be placed on suction, but rather on the periodic use of a rectal 
tube, enemas and the respiration of a high oxygen concentration. 

14. Spastic Ileus (Dynamic Ileus). Hare cases of obstruction are 
encountered usually in neurotic women in whom a persisting spasm of 
a segment of the bowel is great enough to occlude its lumen. It is 
thought that in such instances some dysfunction of the intrinsic nerves 
of the bowel is at fault. 

The clinical features of the condition are those of a simple mechanical 
obstruction. Intestinal colic is always present. The diagnosis cannot be 
made with certainty except by operation. 

If the obstruction is in the small bowel, continuous suction alone may 
control the condition until the spasm relaxes; otherwise, an enterostomy 
should be performed. If the point of obstruction is in the colon, a colos- 
tomy should be made. 

15. Mesenteric Thrombosis and Embolism. Occlusion of the mesen- 
teric arteries by thrombosis occurs less frequently than occlusion by 
emboli. The superior mesenteric artery is more frequently involved than 
the inferior. The sources of practically all emboli affecting these vessels 
are vegetations within the left half of the heart and thrombi within the 
left auricle. Thrombosis of the mesenteric veins generally occurs in 
association with infectious processes in the area drained by the affected 
vessel. 

Most cases of obstruction from these causes occur in adults with some 
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type of heart disease. The onset is typically acute and accompanied by 
severe abdominal pain, vomiting and diarrhea. Although at times 
definite colicky pain is present, this symptom is much less prominent 
than in certain other types of obstruction. The exudation of an irritating 
serosanguincous fluid from the infarcted segment of bowel occurs rapidly 
and usually produces shock and peritoneal irritation. With the passage 
of time if the vessel is large and completely occluded, gangrene and 
perforation of the affected segment of the intestine must occur. 

A definite diagnosis is not usually made prior to operation. The dif- 
ferentiation of this condition from an acute pancreatitis or ruptured 
viscus is difficult. 

Treatment must include a laparotomy preceded by adequate trans- 
fusions to relieve any shock which may be present. The involved bowel 
must be either excised or exteriorized. In rare instances, short segments 
of bowel of questionable viability may be encountered. Such a segment 
should be exteriorized but left intact. If it remains viable after a few 
days, it can be returned to the abdominal cavity. The decision between 
resection and exteriorization must be made by the surgeon and will be 
based on the circumstances present in each case. 

Mortality. Up to 1930 the reported general mortality in all large 
series of cases of intestinal obstruction, not including paralytic ileus, was 
about 50 per cent. The few scries reported since then, however, have 
shown a notable decrease as indicated below: 


Van Buren and Smith 
Schlicke, Bargen and Dixon 
Kennedy and Ilanson 
Wangensteen, Rea, Smith and Schwyzcr 


No. of 

Cases Dates Per Cent 

130 1932-1035 28.4 

133 103S-1939 21.8 

139 1932-193S 24.4 

190 1932-1939 14 7 


Dcaver and Moynihan each believed that a mortality of 10 per cent 
was attainable in this condition. Such a result seems a long way off at 
present, but there is much hope that the progress which began to bear 
fruit in the thirties will be continued. 
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Chapter XIV 


Urgent Intestinal Surgery in Infants 

By Julius L. Spivack 

There are several affections of the gastrointestinal tract in infants 
which are incompatible with life, unless they are remedied by surgical 
means. Some urgently require correction two or three days after birth, 
if success is to be realized, while others permit a delay of at least a few 
days. 

Congenital Atresia and Stenosis of the Small Intestine and Colon 

These two conditions have in common not only the similarity of 
their embryologic origin but also a similar pathologic basis and symp- 
tomatology. The latter is only more pronounced in atresia than stenosis, 
but their therapeutic management is essentially identical. The prognosis, 
however, is better in stenosis than in cases of atresia. 

Embryologic and Pathologic Considerations. Prior to the fifth 
week of intra-uterine life the intestinal lumen of the fetus is lined with 
epithelium. Starting from the fifth week the epithelium begins to pro- 
liferate until it fills the entire lumen of the intestine, and then begins 
to shrink so that by the tenth week the bowel presents a solid cord. 
From the eleventh week vacuoles appear in the center of the cord; they 
become larger, coalesce with each other until a lumen is reestablished. 
If the formation of vacuoles at some portion docs not occur, local atresia 
will take place. If vacuoles at some place develop only imperfectly, a 
diaphragm will be present, producing constriction of the lumen of the 
particular loop, the degree of which depends on the size, of the opening 
in the diaphragm. 

Atresia is found in two forms. In the most frequent one, the intestine 
ends in a blind sac, so that the distended proximal loop is not connected 
with the rest of the tract (Fig. 212). In the less frequent form, the lumen 
is totally obstructed by a diaphragm; however, there is a continuity of 
the intestinal wall proximally and distally to the diaphragm. There may 
be more than one atresia loop (Fig. 212 (I)). The bowel, proximal to the 
atresia, is greatly distended, reaching as much as 3 to 4 cm. in diameter, 
while the distal loop is collapsed reaching only 5 to 6 mm. in diameter. 

Symptomatology. The symptoms vary in intensity depending on 
whether they are due to atresia or constriction, being milder in the 
latter. They usually appear on the first day of life, the earliest symptom 
being vomitus, The character of its contents depends on the site of the 
579 < ■ .. 
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obstruction. If it is in the duodenum above the ampulla of Vater it 
consists only of milk and does not contain bile. As most of the duodenal 
obstructions are below the ampulla, the vomitus contains bile and pan- 
creatic juice of a greenish color. If the seat of obstruction is in the lower 
ileum or in the colon, the vomited material has a fecal odor and appear- 
ance. 



Fia. 212. Different types of atresia of the intestine. I. Isolated blind loops 
causing multiple obstructions II. Single obstruction. D — duodenum; J— jeju- 
num; II. — ileum; Co — colon; It — rectum; App — appendix. 


Abdominal distention may or may not be present, depending on the 
seat of the obstruction. If the obstruction is in the duodenum, the dis- 
tention is limited to the epigastric region. But if the infant vomits 
violently the epigastrium may not be distended. If the atresia is in the 
jejunum and particularly in the ileum the abdominal distention is gen- 
eralized. The distention may appear immediately after birth, if the 
infant swallowed enough of amniotic fluid, or between 24 to 4S hours 
after birth depending on the seat of obstruction, the amount of ingested 
milk, and the degree of the vomitus. 

Fever is usually moderate ranging at 100-101° F. A temperature above 
102° F. suggests the possibility of peritonitis. 

Stool. The meconium in atresia differs from the normal. Ordinarily, 
infants swallow some amniotic fluid in which, among other substances 
are desquamated epithelial cells from the skin of the fetus. Ther-e corni- 
fied cell 3 are also present in normal meconium but absent in atreria. 
Basing on this consideration, Farber offered a test whicli enables one 
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to differentiate these cornified cells in the meconium and their presence 
or absence is a deciding factor in differentiating between atresia, when 
these cells are absent, and partial constriction when they are present. 

Roentgenologic examination , as a rule, is not necessary* as the clinical 
diagnosis is not difficult. It may aid occasionally in determing the site of 
the lesion. A flat x-ray plate shows the distended loops. Barium should 
not be given. 

The diagnosis is based on the vomitus, starting the first or second day, 
abdominal distention and the characteristic absence of cornified cells in 
the meconium. 

Treatment. The patient should be operated as soon as possible. If 
the operation is done 72 hours after birth, peritonitis or even perforation 
is already present. The mortality, even under most favorable conditions, 
is still high. The prognosis, however, is considerably better in case of 
stricture than of atresia. However, with a prompt diagnosis and pre- 
operative management, the outlook for saving the infant’s life is now 
considerably better than it was in previous years. 

Preoperalive measures consist of giving the infant 10 per cent glucose 
intravenously before the operation in the amount of 10 cc. per pound of 
body weight or of 15 cc. of normal salt solution per pound of body 
weight, given subcutaneously. This should be followed by a blood trans- 
fusion, 10 cc. per each pound of body weight, to be given after the 
operation. 

Gastric lavage to decompress the stomach should be carried out im- 
mediately before operation, using a tube No. 8 French scale. 

The infant’s arm and legs should be wrapped to conserve body heat. 

A hot water bottle should be placed under the back. 

Operative Technic. Anesthesia may be general or local. We prefer 
ether by the open drop method. A very small amount is needed in order 
to have the abdomen relaxed. 

A four-inch right paramedian abdominal incision should be made with 
the upper two inches above and the lower two inches below the um- 
bilicus. This incision will afford access to any part of the bowel. After 
the abdomen is opened there will be, as a rule, escape of free fluid. If, 
however, it is cloudy or malodorous, one should suspect a perforation 
and search for it. The seat of the atresia or stricture is found by recalling 
that loops proximal to stricture are distended and those distal collapsed. 
The distended loops float and have a tendency to protrude outside the 
abdominal cavity. Their walls are thin and may be ruptured by rough 
manipulations. 

The management depends on whether there is gangrene, perforation, 
multiple atresia and also on the site of atresia. If the proximal loop is 
gangrenous or perforated, it has to be resected and the continuity estab- 
lished'by a side-to-side anastomosis with closure of the ends (Figs. 213, 
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214). End-to-end anastomosis should never be attempted because there 
is great inequality of the lumina of the proximal and distal ends and also 
because the wall of the proximal loop is thin and leakage is liable to occur 
particularly by the effort of the proximal loop to propel intestinal con- 



Fia. 213. Operative management when proximal loop is gangrenous and rewc- 
** tion necessary. A. Proximal loop clamped — dotted line shows site of incision for 
removal of gangrenous portion of bowel. B. Cut end of proximal loop closer! 
blindly over clamp by continuous over and over suture. 

tents through the narrowed stoma. If there is no gangrene or perfora- 
tion the atrosic part does not necessarily need to be resected in the same 
sitting. For the time being it will suffice to unite the loop just proximal 
to the atresia with the loop distal to the obstruction by a lateral anas- 
tomosis in two layers; the first, as a sero-'erou^, done with Pa gen'd echer 
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linen and the second as a througli-and-through union, with chromic cat- 
gut 0000 (Fig. 215). 

As there is great disparity between the diameter of the proximal and 



Fia. 214. Operative treatment of intestinal atresia. A. Injection of air into 
collapsed distal loop. B. Side-to-side anastomosis between the proximal and 
distal loops. Insert. Actual size of a collapsed loop before injection with air. 

that of the distal loops, it is advisable to aspirate the air and liquid con- 
tents of the proximal loop and inject air into the distal loop before start- 
ing the anastomosis (Fig. 214). One should also not overlook the possi- 
bility of the presence of atresias at several places; therefore, the entire 
length of the bowel should be examined and an anastomosis made be- 
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tween the loop immediately proximal to the mo*t proximal atresic loop 
and the loop immediately distal to the most distal atresic loop (Fig. 215). 
The intermediate loop of the bowel may either be rejected at once or at 
some future time. 



Fjo. 215. I Dtwtinsl’a tresis. Isoperistaltic lateral anastomosis for cases of intestinal con- 
itriction. Operative treatment: A. Intestinal clamps on distal and proximal sides of eon- 
itriclion. B. Loops of bowel in clamps placed ride by side in isoperistaltic direction. First 
aycr of sutures fseromuseular) being placed. C. Anterior tbrough-and-through sutures. 
D. Completed anastomosis stowing sidetracking of constricted area. Arrows indicate new 
pathway for passage of intestinal contents. 


If there is constriction of bowel, the best procedure is to sidetrack the 
constricted portion and perform a lateral anastomosis taking one loop 
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immediately above and the other immediately below the site of stric- 
ture. The suturing is done in two layers — the first seroserous with fine 
Pagenstecher linen thread and the other as a through-and-through 
suture with 0000 chromic catgut . As in the case of atresia, to reduce the 
disparity between the lumina of the loops, one may inject air with a 
syringe into the collapsed bowel and aspirate the contents from the 
distended proximal loop with a needle before starting the anastomosis. 

In some cases the surgeon may be tempted to perform an emergency 
enterostomy in order to decompress the proximal loops with the hope of 
reconstructing the continuity of the intestinal tract at some future time. 
Statistical study shows that this procedure is accompanied by a mor- 
tality of nearly one hundred per cent, particularly if obstruction is in 
the jejunum. The reason for this mortality is extreme and rapid de- 
hydration which takes place in spite of energetic parenteral administra- 
tion of glucose, saline solution, plasma or blood. However, if the operator 
has not much experience in intestinal suturing and if the obstruction is 
in the lower ileum, he may confine himself to a low ileostomy as the 
first stage, to be followed, not later than 48 hours, by a reestablishment 
of the continuity of the intestinal tract. 

If the obstruction is in the duodenum it is important, before select- 
ing parts for anastomosis, to decide whether the atresia is above or be- 
low the ampulla of Vater. 

If it is above the ampulla — gastrojejunostomy is the operation of 
choice as the bile and pancreatic juice flow distally without hindrance. 
If, however, the obstruction is below the ampulla, duodenojejunostomy 
should be done, uniting a portion of the duodenum immediately above 
the sito of obstruction with a high jejunal loop. In this variation, if 
gastrojejunostomy were done, bile and pancreatic juice would find their 
way to the rest of the gastrointestinal tract by passing first through the 
pylorus into the stomach and from there through the gastrojejunal stoma 
into the bowel. 

Postoperative Management. The patient should receive fluids par- 
enterally two or three times daily. Gastric lavage should be made re- 
peatedly as long as vomiting persists. The colon should daily be dilated 
with saline enemas. Blood or plasma transfusion should be given im- 
mediately after the operation and thereafter as often as may prove 
necessary to maintain a normal blood count and plasma protein level. 

The mortality in cases of atresia is as high as 85 per cent and in 
strictures reaches about 60 per cent. The reasons for this high mortality 
are clear: the condition is comparatively rare and very often is recog- 
nized only late. The little patient often is moribund before operation. 
Often the wall of the distended loop is very thin; the distal loop has a 
lumen of the size of a small lead pencil; therefore, even if an anastomosis 
js performed, the thick meconium has difficulty in passing through a very 
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narrow intestinal lumen. The only hope for a lowered mortality lies in 
early diagnosis, proper preoperative and postoperative management 
and gentle operative technic. 

Malrotation of the Intestines (Figs. 216, 217) 

Malrotation of the intestine implies either insufficient rotation of the 
bowel in embryonic life, or arrest of its descent or failure to develop suffi- 
cient peritoneal attachments so as to keep the bowels fairly immobile. 
These conditions may produce intestinal obstruction. 

In some instances there maj' be no symptoms pointing to this affec- 
tion, but in most cases intestinal obstruction arises sooner or later, 
necessitating surgical intervention. To W. E. Ladd belongs the credit 
for showing how simply this condition can be remedied, if recognized. 
He reduced the mortality rate to a fair prognostic outlook. A clear idea 
of the mechanism producing this condition is conveyed by the following: 

Embrtologic Considerations. The gastro-intestinal tract of the 
embryo is subdivided into three parts: the foregut, from which develops 
the stomach, the midgut, from which develops the duodenum, jejunum, 
ileum, cecum and the appendix, colon ascendens and the right half of 
the transverse colon, and the hindgut, from which develops the re- 
mainder of the large bowel. Between the 6th and 10th weeks of em- 
bryonic life the alimentary tube grows faster than the peritoneal cavity, 
as a result of which a portion of the bowel protrudes outside the ab- 
dominal cavity and becomes situated at the base of the umbilical cord. 
The portion of the bowel extending from the duodenum to the vitelline 
duct (Meckel's diverticulum) lies in front of the superior mesenteric 
artery, while the remaining portion of the bowel lies behind that artery. 

From the 10th week on, the abdominal cavity begins to grow faster 
than the bowels, with the result that the latter recede from the outside 
into the peritoneal cavity and rotate in counter clock direction, so that 
the portion of the bowel which was in front of the superior mesenteric 
artery lies to the right, and the remainder of the bowel to the left of the 
superior mesenteric artery. 

With the growth of the embryo and the progress of the rotation, the 
cecum and colon ascendens reach the epigastrium, lying under the 
stomach and still later in the right upper quadrant under the liver. 
Later, the cecum descends and occupies the upper portion of the right 
iliac fos«a, and the ascending colon reaches the lumbar region. After 
rotation and descent are completed, the cccum and colon attain their 
normal peritoneal attachment and the small bowel its attachment to the 
posterior abdominal wall along a line running from the duodenojejunal 
junction to the ileocecal junction. 

If there is an arrest in rotation of the gut, the cecum may remain in 
any intermediate position. If the cecum remains under the stomach or 
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Fio. 216. notation of the intestine in embryo. 1. Foregut. 2. Umbilical orifice. 3. Prc- 
arterial mesentery. 4. Midgut. 5 Site of vitelline duct. 6. Postarterial mesentery. 7. Hind- 
gut. 8. Aorta. 9. Coeliac artery. 10. Superior mesenteric artery. 11. Inferior mesenteric 
artery. A. Primitive alimentary tract at 5th week. B. Condition of alimentary tract at 
about 8th week. The first stage of rotation is being completed. C. Condition of 
alimentary tract at 10th week. The second stage is in progress. D. Condition of 
alimentary tract at about the 11th week. The second stage of rotation is completed. 


under the liver, it may compress by its weight a portion of the duodenum 
lying behind it; more often, however, the peritoneal attachment run- 
ning from the cecum to the postero-lateral abdominal wall in front of the 
duodenum may compress the latter and produce a high intestinal ob- 
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struction. Even if the cecum descends and reaches its normal position 
it may in some cases remain extremely mobile due to lack of develop- 
ment of the peritoneal attachment; in other cases not only does the 
cecum remain mobile, but the small bowel is not attached by a mesen- 



l*io 217. Matrotatlon of the intestine 1. Aorta 2, Superior mesenteric artery. 

3. Vitelline duct. A. Reversed rotation of midgut loop. B. Malrotation of midgut 
loop. Reversed rotation of the prcartcnal segment to 90® in n clockwise direction. 

C. Volvulus of the midgut loop. The twist in a clockwise direction of 150°. 

teric root to the posterior abdominal wall, the connection being only 
through a small band lying immediately below the superior mesenteric 
artery, thus leaving the small bowel very movable and easily subject to 
volvulus. 

AH these conditions, namely, compression of the duodenum by the 
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cecum, volvulus of the jejunum, ileum or cecum may produce intestinal 
obstruction. 

Pathology. The pathology depends on the character of the embryo- 
logic deviation from the normal. If the cecum does not descend, it 
either compresses the second or the third portion of the duodenum or a 
peritoneal band, stretching between the cecum and the posterior-lateral 
portion of the abdominal wall, compresses the duodenum. If the patho- 
logic condition is due to a limited attachment of the small bowel to the 
posterior abdominal wall, there is volvulus, usually in a clockwise direc- 
tion, in which the bowel may turn from 180 degrees to four complete 
turns. A characteristic feature in this case is that after abdomen is 
opened no cecum or colon asccndens are seen, because it is covered by 
loops of small bowel, and in one part it seems that an intestinal loop has 
herniated through a hole in the mesentery of another loop. 

One should bear in mind that non-descent of the cecum and volvulus 
of the ileum may coexist, as well as normally placed but a movable 
cecum may coexist with a movable and only partially attached mesen- 
tery of the small intestine. 

Symptomatology. The symptoms vary depending on the site and 
degree of obstruction. Vomitus is the most prominent symptom. It usu- 
ally contains bile of a greenish color, as the obstruction in most cases is 
below the ampulla of Vater. 

The feces are scant in partial obstruction and absent in complete 
obstruction. 

Abdominal distention is marked in the epigastric region in case of duo- 
denal compression, and in the umbilical or in the entire abdomen in 
volvulus of the small intestine. In duodenal obstruction the degree of 
distention may be slight, if the vomiting is propulsive. 

Dehydration rapidly develops due to the vomitus of gastric, biliary 
and pancreatic juices. 

Fever is moderate, due to dehydration. However, if peritonitis or 
intestinal infarcts occur, the fever may reach as high as 105° F. 

Hemoconcentration is usually present and is of moderate degree due to 
dehydration. If, however, marked leukocytosis is present, one should 
think of infarction of the bowel. 

X-ray. A plain film will show a gas-filled stomach and duodenum and 
only few air bubbles below the duodenum not only in case of compres- 
sion of the duodenum but also in case of volvulus. However, in the latter 
ease the small bowels may also be distended. 

The diagnosis is based on the clinical picture of intestinal obstruction 
and on roentgenologic findings. If the condition occurs within the first 
few days of life it should be differentiated from atresia or constriction 
of the bowel. 
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Treatment. In all cases of malrotation with symptoms of intestinal 
obstruction the treatment is surgical. As in all other conditions in chil- 
dren, proper preoperative care, minimum manipulations during opera- 
tion and supportive postoperative treatment will considerably reduce 
the mortality. 

Prcoperalivc management consists of decompression of the stomach 
by inserting through the nostril into the stomach a rubber catheter No. 
S French, which is done immediately preceding the operation and by 
giving 10 per cent glucose intravenously or of saline solution either intra- 
venously or subcutaneously. 

Operative Technic. Ether anesthesia by the open drop method. 
This is preferable to local analgesia, as complete relaxation is important. 

Incision. The abdomen is entered through a right paramedian in- 
cision, extending from the xyphoid process to one inch below the um- 
bilicus. After the abdomen is open, in case of intestinal obstruction, some 
fluid escapes. If it is cloudy or of foul odor, perforation may be present 
and should be looked for. 

The appearance of the contents in the abdominal cavity will give a 
clue as to the character of the pathologic process, and determine the 
technic: 

a. If the cecum lies in the epigastric region and the duodenum is dis- 
tended, the cause of obstruction is compression of the duodenum cither 
by the cecum or by a band extending from the cecum to the lateral ab- 
dominal wall. Any bands are cut laterally from the cecum together with 
the posterior parietal peritoneum. This will relieve compression and the 
cecum will be transposed medially. Even if bands are not seen and ob- 
struction is due to compression by the cecum itself, the parietal peri- 
toneum lateral to the cecum should be incised and the gut transferred 
mediad and be left in this position. 

b. If the cecum and colon are not visible and only loops of distended 
small bowels with bluish color are seen, then one may expect to find 
volvulus of the small intestines; one usually will find as if one loop of 
bowel herniated through the mesenteric opening of another loop of 
bowel. In such a case Ladd suggested and carried out many times the 
following technic: The entire small bowel is delivered outside the ab- 
dominal cavity. As the volvulus occurs in a clockwise direction, the re- 
duction should be made in the opposite direction. After that the bluish 
color disappears. It should be emphasized that no attempts at reducing 
the volvulus should be made until the entire length of the bowel is 
brought outside the abdominal cavity, which is a simple procedure, as 
the mesentery is attached to the posterior abdominal wall only by a 
small band. If only part of the bowel is delivered outside and an at- 
tempt is made to disentangle the bowel, confusion easily results. When 
the volvulus is disengaged, one should always ascertain before closing 
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the abdomen the position of the cecum and colon. If the cecum and 
colon lie in the right upper quadrant (and this often is the case), they 
must be freed from their position, by incising the lateral parietal peri- 
toneum and then transposed to the left side of the abdomen, where 
they remain. Many deaths were due to the fact that the surgeon relieved 
the volvulus and failed to relieve the concomitant duodenal obstruction 
produced by the cecum. 

c. If after the abdomen is opened a mobile cecum, lacking a posterior 
abdominal attachment, is found, one has to ascertain whether there is a 
normal oblique attachment of small bowel to the posterior abdominal 
wall. If this attachment is present, the cecum should be fixed posteriorly 
by a few sutures. If, however, the attachment of the small bowel occurs 
only through a small bundle below the superior mesenteric artery, the 
parietal peritoneum lateral to the ascending colon and hepatic flexure 
should be slit and the entire right colon (cecum, colon ascendens and 
right half of the transverse colon) transferred to the left part of the ab- 
domen. 

Mortality Rate. While the mortality rate stated by many authors 
is very high, Ladd by using the above described technic was able to 
reduce his mortality to 25 per cent. 

Meckel’s Diverticulum (Figs. 218-223) 

Meckel’s diverticulum is found in about two per cent of all autopsies. 
As the number of cases coming to a surgeon due to complications is 
comparatively small it is evident that complications arise very infre- 
quently, but if they do it is usually in the first two years of infancy. 
However, it may become a source of surgical complications at any age 
for which reason, if encountered during laparotomy, the diverticulum 
should be removed. 

Pathology. Meckel’s diverticulum is a pouch from one half to three 
inches long, arising in most of the cases from the antimescnteric border 
of the ileum at a distance of 18 to 36 inches from the ileocecal junction. 
When seen by the surgeon its mucosa is identical with that of the 
neighboring ileal mucosa in about 30 per cent. In the rest, it has in 
addition to the normal ileal mucosa also some gastric mucosa (in about 
50 per cent), colon mucosa or pancreatic tissue. The pathologic con- 
ditions arising in the abdomen are due to several causes. Perforation 
of the diverticulum or hemorrhage through rupture of its vessels may 
occur after peptic ulceration of the aberrant gastric mucosa. In other 
cases the apex of the diverticulum may adhere to the abdominal wall or 
to some intra-abdominal viscus, forming a ring through which another 
loop of bowel may be caught and produce intestinal obstruction (Figs. 
218, 219). In another group the diverticulum may become a starting 
point for intussusception (Fig. 220) and in still other cases a volvulus of 
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the pouch may take place (Fig. 221). In rare cases Meckel’s pouch may 
retain its early embryologic characteristics, communicating Trith the 
yolk sac; in other words, there is present a fistula connecting the um- 
bilicus with the Heum through the diverticulum (Fig. 218, D). 



Fio. 218. Mcdtd'f diverticulum. A. Diverticulum laying free on the entimcscntenc 
border. B. Diverticulum attached to the umbilicus by a fibrous band. C. Diverticulum 
attached directly to the umbilicus. D. Diverticulum forming a fistula at the umbilicus. 

The symptoms vary according to the character of the pathologic proc- 
ess. Therefore, the surgeon may be confronted by symptoms of intesti- 
nal perforation, hemorrhage, intestinal obstruction or peritonitis. Per- 
sistent fecal discharge will be present at the umbilicus in case of a non- 
obliternted vitelline duct. 
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X-ray examination is of no particular value, as in many cases divertic- 
ula are not demonstrable even after a barium meal. 



Tio. 219. Meckel’s diverticulum. A. Diverticulum attached to the mesentery. B. Distal 
end of the diverticulum attached to the bowel. C. Diverticulum passing behind a loop of 
ileum and its mesentery returns back over ileum and attaches to ileal mesentery. D. 
Diverticulum occluding an intestinal loop between its origin and fibrous attachment to 
the umbilicus, a. adhesion, d. diverticulum, i. intestine, m. mesentery. 

Treatment. In a non-complicated case, when the general condition 
of the patient is good excision of the diverticulum and closure of the 
opening in the bowel suffices (Fig. 222). In order not to constrict the 
lumen of the bowel, it may be closed in a direction perpendicular to the 
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long axis of the ileum (Fig. 223). The closure is done in two layers — the 
first being a through-and-through suture with chromic catgut 0000, and 
the second a sero-serosa layer with Pagenstecher linen thread. In intus- 
susception, the diverticulum should be first reduced, further action de- 



Fig 220. Meckel's diverticulum. A. Diverticulum inverted into lumen of 
ikum— starting point for intussusception. B. Serai-diagrammatic cross section 
(frontal) showing marc advanced intussusception which began with inversion of 
Meckel's diverticulum. 

pending on the state of the wall of the diverticulum and of the adjoining 
ileum. If it is not damaged, divcrticulectomy should be carried out as 
just described. The same technic is employed if the wall of the diverticu- 
lum is damaged. If, however, there is damage to the adjoining intestinal 
wall, the damaged loop together with the diverticulum should be extra- 
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peritonized, brought outside the skin and removed in a few days, 
depending on the condition of the patient. The continuity of the gastro- 
intestinal tract is reestablished as early as possible. This will be dis- 
cussed more in detail in the section on intussusception. 

The mortality rate depends on the character of the pathologic pro- 



Tio. 221. Meckel’s diverticulum. A. Volvulus of the diver- 
ticulum. B. Diverticulum lying free with several false 
diverticula. 

ess, when operation was performed, and the condition of the patient 
before operation. It averages about 30 to 35 per cent. 

Intussusception 

This is one of the most frequent surgical emergencies in infants. Its 
symptoms and course are quite characteristic and if early recognized, 
the operative mortality is comparatively low. 

Anatomically, intussusception consists of telescoping of an intestinal 
loop into another, distal, with ensuing damage to the blood vessels and 
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the wall of the telescoped loop. While in adults its occurrence can nearly 
always be traced to some anatomic abnormality, this is not the case in 
children, as in the latter nearly 95 per cent do not have any anatomic 
abnormalities. 



I'm. 222. Excision of -Meckel's dn crticulum. Management will) aid of Kocher’a clamp*. 
A. Clamping of diverticulum with two clamp*. Dotted lino shows site of incision. B. Con- 
tinuous over and over suture over clamp. C. Suture tightened gradually as clamp h 
removed. D. Second row of over and over sutures. 

Etiology. This condition occurs more frequently in boys than in girls, 
the ratio being 3 to 2. More than fifty per cent of all cases of intussus- 
ception occur in infants between the 5th and Sth months. It usually 
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affects well nourished, healthy looking children, being seldom seen in 
thin, undernourished infants. 

Nomenclature. The condition of telescoping one loop into another 
is known as intussusception. The portion of bowel entering the other is 



Fia, 223. Excision of Meckel's diverticulum by an open method. A. Excision 
of the diverticulum. B. Closure of the bowel in the direction perpendicular to tho 
long axis of tho bowel. 


called intussusceptum, and the recipient loop is known as the intus- 
suscipiens. 

In seventy-five per cent of all cases, the terminal ileum telescopes into 
the cecum, forming the ileo-cecal variety. Other types, such as jejuno- 
jejunal, jejuno-ileal, ileo-ileal and colo-colic occur more rarely. Occa- 
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sionally, an intussusceptum with the intussuscipiens may telescope into 
a still more distal loop, thus forming more complicated types. This 
variety usually occurs in the terminal ileum and cecum, thus forming an 
ileo-ileo-cecal type. Extremely rarely the distal portion telescopes into 
the proximal thus forming a retrograde intussusception. Finally, one 
may occasionally find multiple intussusceptions. 

Pathology. The entering bowel drags with it its mesentery which 
becomes stretched and compressed by the wall of the intussuscipiens. 
Secondary changes then occur in the wall of the bowel, to a greater de- 
gree of the intussusceptum and to a lesser of the intussuscipiens. These 
changes may be insignificant in early cases, but infarction and necrosis 
may occur in progressed cases. 

Symptoms. Pain is the first and outstanding symptom. It is colicky in 
nature, very severe, so that the little patient doubles up. It lasts teu or 
fifteen seconds. These attacks are separated by five to ten minute inter- 
vals, during which the child is seemingly well. 

Vomilus is the next prominent symptom. It is severe and frequent. A 
few hours later pallor and dehydration become prominent; still later 
shock supervenes and the patient becomes moribund. 

Helena is present in about eighty to eighty-five per cent either as 
dark brown mucus or as bright red blood which usually appears 12 to 
24 hours after the onset. The amount of blood varies from a mere stain- 
ing on the diaper to a copious flow. 

Palpation of the abdomen reveals, in about eighty per cent, a 
sausage-like swelling which is soft and free from tenderness. 

Rectal Examination reveals blood. Digital examination per rectum 
may palpate the approaching head of the intussusceptum in only about 
twenty-five per cent. 

Bimanual Examination with a finger of one hand in the rectum and 
the other hand on the abdomen will detect the abdominal tumor, which 
by digital examination alone could escape detection. 

Fever is absent at the onset; later, when dehydration takes place, there 
is a moderate elevation of temperature. With further progress of the 
condition, if infarcts or peritonitis occur, the temperature becomes high. 

X-ray examination in nearly ninety-five per cent of the cases is un- 
necessary, as the clinical picture itself is sufficiently characteristic to 
enable one to make the diagnosis. As the greatest majority of cases in- 
volve some portion of the colon, roentgenologic study should be made 
by a barium enema, which gives quite a characteristic picture, such as 
a cupola shape of the barium where it meets the most advanced portion 
of the intussusceptum and a cylindrical shell of barium, surrounding the 
intussusception which remains after evacuation of the enema. 

Differential Diagnosis. Intussusception should Ire differentiated 
from : 
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1. Acute appendicitis. This is very uncommon under the age of two. 
Fever and leukocytosis arc present in appendicitis, but not in intussus- 
ception, appearing in the latter only when peritonitis is present. The 
onset in appendicitis is not as acute as in intussusception. 

2. Enterocolitis does not have an acute onset. There arc numerous 
watery stools with or without mucus or blood. Flatus is present; no 
masses arc palpable. 

3. Prolapse of the rectum does not cause abdominal pain, intestinal 
obstruction, palpable masses — symptoms present in intussusception. In 
case of prolapse, a finger cannot pass alongside the prolapsed bowel, 
while in intussusception the finger can be pushed into the rectum. 

4. Inflamed Meckel's diverticulum resembles appendicitis. However, 
one should bear in mind that Meckel's diverticulum may occasionally be 
the starting point of intussusception. 

5. Henoch's purpura may strikingly resemble intussusception. It may 
start with severe abdominal pain, the passage of blood through rectum, 
the presence of an abdominal mass due to subscrous extravasation of 
blood along the bowel and often associated with shock. However, the 
purpura rash over the body, particularly on the extensor surfaces of the 
extremities, and a low platelet count differentiate the malady from in- 
tussusception. 

Treatment. Two types of treatment are used to remedy this condition: 

I. Non-operative, and II. Operative. 

I. Non-operative treatment was advocated by Hipsley. He reported 
several hundred cases of intussusception cured by enemas of saline so- 
lution given under pressure of 3 to 4 feet above the level of the patient’s 
body in horizontal position. The technic is ns follows: Under general 
anesthesia, a catheter No. 16, French scale, is placed into the rectum. 
One quart of saline solution held in a container 3 to 4 feet above the 
patient is allowed to run into the rectum. The buttocks are pressed to 
each other for three minutes so that no solution escapes outside. After 
this the solution is allowed to run outside and the same procedure is 
repeated several times. 

As one may doubt whether the hydrostatic pressure relieved the ob- 
struction, Hipsley gives the following signs of reduction: 

1. Presence of abdominal distention after the enema was given is a 
sign that the water passed the point of intussusception with re- 
sulting reduction of the mass. 

2. Fecal material will flow' with the returned saline solution. 

3. One teaspoonful of pow’dered charcoal mixed in half an ounce of 
water is administered by mouth. If the obstruction w’as reduced, 
the charcoal will pass through the rectum in five to seven hours. 

Other authors are using a barium enema under 2 to 3 feet pressure and 
observe the results by fluoroscopy. If the barium fills the entire length 
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of the large bowel and reaches the terminal ileum, the obstruction is 
reduced. 

This simple treatment gives good results in cases of early intussus- 
ception. However, if more than 12 hours have elapsed since the onset 
the results are uncertain. 

II. Operative management. This is resorted to by many surgeons from 
the very start and by others after medical treatment has failed. It con- 
sists of proper preoperative care, namely, of giving the infant glucose 
intravenously and by decompressing the stomach. The latter is a very 
important step, as it prevents aspiration of the gastric contents during 
anesthesia and facilitates manipulation in the abdomen after the peri- 
toneal cavity is opened. 

Anesthesia. Ether by open drop method is very efficacious. The ab- 
domen is opened by a right paramedian incision four inches long, having 
the middle of the line at the level of the umbilicus. It is always prefer- 
able to have the incision on the right side even if the mass is palpable 
on the left side. The reason for it is that though the intussusceptum 
reached the transverse or even descending colon, in the greatest majority 
of cases it is of the ileo-colic variety. While the mass palpable on the 
left side is mobile and can be delivered outside the abdomen for reduc- 
tion, it is not the case at the ileo-cecal junction; therefore, in this region 
we have to stay close to the cecum for which reason the incision should 
be on the right side. After the abdomen is opened, the next step, is the 

Reduction of the Intussusception (Fig. 224). First we have to ascertain 
the most advancing point of the intussusceptum and then try from this 
point to milk out the intussusceptum in a proximal direction. It would 
be a grave error to start to look for the starting point and pull out the 
intussusceptum from intussuscipiens, as it is easy to tear both or the 
intussusceptum alone. In milking the advanced head, one lias to be 
gentle. It requires patience until finally the telescoped loop is disen- 
gaged. Sometimes it may take a considerable time, from twenty to 
thirty minutes, but the effort is well worth trying, because the mortality 
is lessened if no resection is done. Under ordinary circumstances it takes 
about five minutes. Usually the reduction of the last few inches, close 
to the ileo-cecal junction is difficult. 

Reduction is possible in ninety-five per cent of all cases. As soon as 
this is done, both loops, the intussusceptum and the intussuscipiens, 
should be carefully examined for change of color, gangrene of the wall or 
thrombosis of the mesenteric vessels. If the bowel wall is cyanotic but 
the pulsation of the mesenteric arteries is good, one should wrap the gut 
in question in a towel soaked in warm normal salt solution and leave it 
for five to ten minutes. If the color returns to normal, and if the bowel 
wall after being pinched by a tissue forceps shows peristaltic motions 
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the bowel wall is still good and it is safe to return it into the abdominal 
cavity. 

If the serosa of the intussuscipiens shows tears, they may be closed 
by fine catgut sutures. If, however, one cannot reduce the intussuscep- 
tion or if after reduction one finds gangrenous bowel, no other course is 
left but to resect it. Several possibilities are open to the surgeon. 

1. Resection of the bowel with restitution of the continuity of the 
intestinal tract by end-to-end. or end-to-«ide, or ride-to-side anas- 
tomosis, as a one stage operation. 

2. Lateral intestinal anastomosis between a loop proximal and an- 
other loop distal to the gangrenous bowel. The gangrenous bowel 
is exteriorized and removed a few days later and the two open ends 
are clo®cd and placed into the peritoneal cavity. 

3. Resection of the bowel by multiple stage operation of the Mikulicz 
type. 

4. Ileostomy with exteriorization of the gangrenous bowel, the latter 
to be removed a few days later. 

Some surgeons attempt to prevent a recurrence of intussusception by 
tacking down the terminal ileum to the posterior abdominal wall. This 
is a rather simple procedure and may be tried. However, experience 
shows that recurrence of intussusception even without this preventive 
measure is very rare; and those raie cases happened after such preven- 
tive surgery. For this reason we believe that this preventive mcasuic 
has no particular value. 

Postoperative treatment consists of parenteral administration of 
glucose or saline solution twice or three times daily, for two or three 
days follow ing the operation. In the meantime the infants may be given 
only water by mouth on the first day and an equal amount of milk and 
whey on the second day. The normal amount of food is given on the 
fourth day. 

Mortality. If the patient is left without treatment death is almost 
certain to ensue. Recovery by spontaneous reduction though possible 
is rare. This applies also to elimination of the gangrenous intussusception 
per pins ncilurales. Even after medical manipulations or surgical inter- 
vention the mortality is high. It depends on several factors of which the 
most important is the time elapsed between the onset of symptoms and 
surgical intervention. If surgery is resorted to within the first 48 hours, 
the prognosis is good. Ladd reported 110 cases operated within 48 hours 
without a single death, while in 92 cases operated between 48 and 90 
hours, the mortality was thirty per cent. 

Among the factors reducing mortality is proper preoperative and 
postoperative management. 
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Malformations of the Anus and Rectum (Figs. 225 and 226) 

The statistics of these rare anomalies shows them to be present ap- 
proximately once in every 750 new-borns. These malformations may be 
classed into three groups; 

Group I. Stricture either of the anus or the lower rectum at some 
distance from the anus. 

Group II. Absence of an anal opening. A membranous structure 
closes the lower end of the rectum. This group is encountered in nearly 
70 per cent of all cases of malformation. In some, the lower rectum nearly 
reaches the external surface of the buttock, so that only a thin membra- 
nous layer is all that obstructs the outlet; in other cases the lower rectum 
may be at a considerable distance from the perineum, being as far as 
three or four centimeters from it. 

Group III. The upper end of the anus and the lower portion of the 
rectum end blindly and arc separated from each other at a variable dis- 
tance. 

In more than half of all these malformations there is a fistulous com- 
munication between the rectum and the bladder, urethra, perineum or 
vagina. 

In male children the order of frequency of the fistulae are; rcctoperi- 
neal (50%), recthvesical (33%) and rcctourcthral (17%). 

In female children the order of frequency is: rectovaginal (85%), 
rcctoperincal (14%) and rectovesical (1%). 

The size of fistulae vary. In about forty per cent they arc very small, 
in others they may be large enough to permit defecation through the 
bladder, urethra, perineum or vagina. 

Associated Congenital Anomalies. In about 30 per cent of mal- 
formations of the rectum and anus one finds associated congenital mal- 
formations, such as heart anomalies, atresia of the esophagus, esophngo- 
tracheal fistulae, atresia of the small or large intestine, Meckel's diver- 
ticulum, transposition of viscera, absence of a kidney, horseshoe kidney, 
exstrophy of the bladder, hypospadias, undcscended testis, bicornuate 
uterus, atresia of the vagina, spina bifida, and the like. 

The symptoms vary depending on the type of the malformation, the 
presence or absence of fistulae, or their size. 

In patients of group I, characterized by a varying degree of anal stric- 
ture, the infant has difficulty of defecation. In some cases this may force 
the patient’s parents to call a physician’s attention after a few days, 
while in other instances this may he unnoticed even for two or three 
years. The stool often has a “ribbon-like” appearance. Abdominal dis- 
tention is usually present, but moderate. Vomitus is seldom present. 

In eases of group II characterized by an imperforated anus, symp- 
toms of intestinal obstruction appear within the first few days of life, 
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provided there are no associated fistulae of large size. Within 36 to 48 
hours signs of intestinal obstruction, such as distention and vomitus, 



Fio. 225 Malformation* of the anu« and rectum. Type I. Stricture of the anu*. Type 2 
Imperforate anus, clo?o to the plcin. Type 3. Imperforate anu«, high in the pciric floor. 
Type 4 Normal ana* Iteetsl poueli ends blindly. 

are already present. However, in about 60 per cent of this group there 
are associated fistulae of a large size permitting the feces to find an out- 
let. However, in this group the patient is brought to the physician the 
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Fig, 226. Different types of fistulae between rectum, bladder, urethra and perineum. 
1, Rectovesical fistula. 2. Rectourethral fistula. 3. Rectoperineal fistula. 4. Rectovesical 
and rectovaginal fistulae. 5. Rectovaginal fistula. 6. Rectoperineal fistula. — {After Ladd.) 
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second or third day of life, because there is no anal outlet. 

Patients of group III show symptoms of intestinal obstruction 36 to 
48 hours after birth, provided there are no associated fistulae of large 
size. The diagnosis in these cases is not easy, as the anus looks normal 
and one may think rather of atresia or of mnlrotation of the jejunum or 
ileum than of malformation of the rectum. However, if one thinks of a 
possibility of this variety, the diagnosis is not difficult as one will find 
that a small tube can enter through anus only for a very short distance, 
where it stops blindly and an x-ray examination made with the infant 
in the upside-down position (Wangensteen-Rice technic) shows gas 
bubbles in lowermost portion of the rectum. 

The treatment varies according to the type of pathologic defect 
found and whether or not fistulae are present. In the type I cases un- 
complicated by a fistula gradual dilatation with metallic or rubber di- 
lators is all that is necessary. This dilatation is repeated daily for several 
weeks and later once or twice a week for several months. If a fistula is 
present the anus and rectum are freed from the surrounding structures, 
the fistulous tract is divided and the rectum is brought down so that the 
rectal opening of the fistula can be exteriorized. 

Type II. In case of an imperforate anus in which r only a thin mem- 
branous layer covers the lower rectum, a cruciate incision should be 
made through the imperforate anus, followed by daily dilatation with a 
metallic or rubber dilator. If, however, the rectal pouch does not lie im- 
mediately under the skin, the technic depends upon the distance of the 
pouch from the perineal surface. If the distance is not more than two 
centimeters, the operation may be done through the perineum. If, how- 
ever, the distance is more than two centimeters, the operation should be 
carried out as a two-stage procedure. The first stage consists of a colos- 
tomy, followed in a few weeks or months by the second stage — the 
perineal approach to the pouch. 

Technic of the Perineal Operation. The patient is placed in the 
lithotomy position. A longitudinal incision is made along the perineal 
raphe, starting at the perineoscrotal junction in males or from the 
vagino-perincal junction in females and reaching the tip of the coccyx. 
The incision divides the skin, superfical fascia and the external sphincter 
ani into two halves. The two lips are now reflected laterally exposing the 
levator ani muscles. The latter are separated from each other in the mid- 
line and the surgeon continues to dig deeper into the space normally 
occupied by the rectum until the blind pouch is reached. While working 
in this space to reach the blind pouch one should stay close to the hollow 
of the sacrum as otherwise one may inadvertently injure the urethra or 
the vagina. As a precaution one may insert a small catheter into the 
bladder or the vagina. When the rectal pouch is reached it is mobilized 
for some distance, so that it can be brought to the perineal surface by 



URGENT INTESTINAL SURGERY IN INFANTS 


G07 


moderate pulL Three or four traction sutures are placed through the end 
of the pouch penetrating only the seromuscular layer. These traction 
sutures are gently drawn until the distal end of the pouch appears out- 
side the halves of the anal sphincter. The lips of the sphincter and of the 
skin are sutured to each other in front and behind the protruded pouch. 
The pouch is opened and its lips are now sutured to the skin. One should 
make sure that the rectal pouch is well beyond the anal opening so that 
when the rectum is sutured to the skin it will not retract by cutting 
through the sutures. If this will take place the space between the anus 
and retracted rectal pouch will constrict and there hardly will be a pos- 
sibility of overcoming it by subsequent operations. 

The operation is followed by daily dilatations for several weeks after 
which dilatation is done twice a week for several months. 

If the malformation is of the type III, the surgical repair consists of 
a two-stage operation. The first is colostomy, and the second, which 
should be done weeks, months or even years later, consists of perineal 
exposure of the upper end of the lower pouch and the lower end of the 
upper pouch and uniting them by an end-to-end anastomosis. 

BIBLIOGRAPHY 
Congenital Atresia of Intestine 

Duncan, P. A., Wearn, F. S., Jackson, II. F. and Waldron, W. S. Successful surgical 
treatment of multiple atresias (aplasias) of small intestine in premature infant. 
J.A.M.A. 123:704-707, 1943. 

Erb, W. H. and Smith, D. C. Atresia of small intestine; two cn«e reports; one multiple 
atresia, with survival. Ann. Surg. 120: 66-72, 1944. 

Farber, S. Congenital atresia of the alimentary tract: Diagnosis by microscopic exam- 
ination of meconium. J.A.M.A. 100:1753, 1933. 

Ladd, W. E. Congenital obstruction of the small intestine. J.A.M.A. 101:1453, 1933. 
Miller, E. M. Bowel obstruction in the new-born. Ann. Surg. 110:587, 1939. 

Webb, C. H. and Wangensteen, O. H. Congenital intestinal atresia. Am. J. Dis. Child. 
41:202,1031. 

Malrotation of the Intestine 

Amheim, E. E. and Felshin, G. Intestinal obstruction resulting from malrotation of 
intestines; 2 cases in infants. J. Mt. Sinai Hosp. 10:272-282, 1943. 

Dott, N. M. Anomalies of intestinal rotation: Their embryology and surgical aspects, 
with report of five cases. Brit. J. Surg. 11:251, 1923. 

Hecker, P., Grlinwald, E., and Kuhlmann, C. J. Les anomalies cong^nitales dc forme 
et de position du gros intestin et leur importance chirurgicale. Rev. de chir. 04: 
661, 1926. 

Miller, J. M. and Wakefield, E. G. Congenital anomalies of primary' midgut loop. 
Am. J. Digest. Dis. 9:383-387, 1042. 

Mole, R. H. Congenital non-rotation of the intestine. Brit. J. Surg. 17:670, 1930. 
Morton, J. J. and Jones, T. B. Obstruction about the mesentery in infanta. Ann. Surg. 
104:864, 1936. 

Raymond, H. E. and Dragstedt, L. R. Anomalies of intestinal rotation: A review of 
the literature with report of two cases. Surg. Gynec. & Obst. 53:316, 1931. 
Steward, J. A. Faulty' intestinal rotation; case reports. Am. J. Surg. 65: 425-429, 
1944. 



608 


URGENT SURGERY 


Waugh, G. E. Congenital malformations of the mesentery: A clinical entity. Brit. 
J. Surg. 15:438, 1928. 

Meckel’s Diverticulum 

Christie, A. Meckel’s diverticulum: A pathologic study of sixty three cases. Am. J. 
Dis. Child. 42:544, 1931. 

Hudson, H. TV., Jr. Meckel’s diverticulum in children: Second clinical and patho- 
logical study with a report of thirteen additional cases. New England J. Med. 
20S:525, 1933. 

Poate, H. R. G. Volvulus of Meckel’s diverticulum. Australian & New Zealand J. 
Surg. 7:351, 193S. 

Seara, P. Oclusifin por volvulus del diverticulo de Meckel con volvuls del inte«tino. 
Dia m£d. 16: 452-454, 1944. 

Womack, N. A. and Siegert, R. B. Surgical aspects of lesions of Meckel's diverticu- 
lum. Ann. Surg. 108:221, 1938. 

Intussusception 

Ficarra, B. J. and Degen, TV. B. Congenital atresia of ileum, spontaneous perforation 
and multiple intussusception; 2 case reports. Am. Jour. Surg. 65: 123-126, 1944. 
Gibbs, E. W. and Sutton, P. W. Intussusception in infancy and childhood; 92 cases. 
Surgery 14:703-718, 1943. 

lUpsley, P. L. Intussusception and its treatment by hydrostatic pressure. M. J. Aus- 
tralia. 2:201, 1026. 

Kirsner, J. B. and Miller, J. T. Roentgen diagnosis of intussusception. Radiology 31 : 
658, 1938. 

Ladd, W. E. and Gross, R. E. Intussusception in infancy and childhood. A report of 
three hundred and seventy-two cases. Arch. Surg. 29:365, 1934. 

Montgomery', A. H. and Musril, J. J. The treatment of irreducible jntus«u*ception in 
children. Surg. Gynec. A Obst. 51:415, 1930. 

Penin, R. P. Invaginacidn intestinal en el lactante. Bol. Soc. de clr. de Ro*ario 8:412- 
423. 1941. 

Perrin, \Y. S. and Lindsay, E. C. Intussusception: A monograph based on four hun- 
dred cases. Brit. J. Surg. 9:46, 1921. 



Chapter XV 

Occlusion of the Mesenteric Vessels 

By Julius L. Spivack 

Occlusion of the mesenteric vessels is n subject treated m eagerly in 
most textbooks of surgery. In many manuals it is omitted, while in 
others it is briefly discussed as one of the causative factors of intestinal 
obstruction. An explanation for this neglect is assumption that this con- 
dition is extremely rare, its diagnosis almost impossible and its treat- 
ment virtually hopeless. 

However, in recent years considerable interest arose in this condition; 
numerous clinical and some experimental facts were presented; and al- 
though the prospects as to diagnosis and treatment are still not very 
favorable, they arc far more hopeful than in the past. 

HISTORICAL NOTE. Occlusion of the mesenteric vessels was reported by 
Hodgson, of Guy's Hospital in London, as early as in 1815. He described a case 
of compression of the celiac and superior mesenteric arteries by an aneurysm 
of the aorta. Fleishmann, in the same year, and Chaussier, in 1818, also de- 
scribed occlusion of the ccliac and superior mesenteric arteries, and Meli, in 
1821, reported occlusion of the superior mesenteric artery and vein. Tiedcmann, 
in 1843, gave a clinical description of this disease, and Virchow, in 1847, re- 
corded the morbid anatomy of mesenteric occlusion. Gerhan.lt, in 1803, pub- 
lished a series of ten cases collected from the literature and added one of his 
own. He gave the clinical description of this disease and formulated a group of 
postulates which Bhould be demonstrated before diagnosing mesenteric occlu- 
sion. Litten, in 1875, presented an excellent paper on the subject. Since that 
time the subject remained dormant until Jackson, Porter and Quinby, in 1904, 
published a review of 214 collected cases. This report stimulated the interest 
of other investigators and many papers on the subject followed. Trotter, in 
1913, published an excellent monograph in which he collected 359 cases which 
had been reported between 1847 and 1913, adding seven of his own. A. J. 
Gokkinis, in 192G, contributed a valuable monograph on the subject; in addi- 
tion to many still unpublished clinical cases he described his original investiga- 
tion on the distribution of the blood vessels in the bowel. Since that time many 
reports on this condition have appeared, some of single cases, others of group- 
series. 

SURGICAL ANATOMY 
Distribution of the Blood Vessels in the Bowel 
The blood supply to the intestine, except the upper portion of the 
duodenum and the lowermost portion of the rectum, is derived from the 
superior and inferior mesenteric arteries. 

The superior mesenteric artery and its branches supply the entire 
length of the small intestine with the exception of the proximal two- 
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thirds of the duodenum, as well as the appendix, cecum, colon ascendens, 
hepatic flexure, the right part of the transverse colon and, to some ex- 
tent, the central third of the transverse colon. The inferior mesenteric 
artery supplies the rest of the large bowel with the exception of the 
lowermost portion of the rectum which is supplied by the inferior and 
middle hemmorrhoidal arteries which originate from branches of the in- 
ternal iliac artery. 

The superior mesenteric artery has a constant point of origin and a 
fairly constant pattern of division of its branches and their inosculation, 
although the number of branches varies. This artery arises from the an- 
terior wall of the abdominal aorta about one-half inch below the celiac 
axis. It enters the root of the mesentery and passes in front of the third 
portion of the duodenum; thus, the latter lies between the 6pinal column 
and the mesentery and, in some cases, its lumen may become obstructed. 
After entering the mesentery, the superior mesenteric artery runs 
obliquely downward and to the right forming a moderately curved line 
with its convexity toward the left; it is directed to the ileocecal angle 
but does not reach that far and ends approximately two inches from it 
by dividing into its terminal branches. 

The branches of the superior mesenteric artery are: (1) The inferior 
pancreatico-duodenal artery: It supplies the distal portion of the duo- 
denum and pancreas; it anastomoses ■with the superior pancreatico- 
duodenal artery and the first ramus intestini tenui. (2) The middle colic 
artery: It crosses the superior mesenteric vein and enters the transverse 
mesocolon. Here it divides into the right and left branches each of 
which unites w ith the ascending branch of the right and left colic arteries 
respectively, thus forming a single artery' which runs parallel to the 
long axis of the transverse colon at a distance of one inch from its 
mesenteric border. From this artery short branches run perpendicularly 
to the wall of the bowel. (3) The right colic artery: This artery passes 
along the posterior abdominal wall to the right at the level of about the 
middle of the ascending colon, and at a distance of about one inch from 
the mesenteric border of this bowel divides into an ascending and de- 
scending branch which inosculate the former with the right branch of 
the middle colic and the latter with the colic branch of the ileocolic ar- 
tery'. (4) The ileocolic artery arises just below the middle of the root of 
the mesentery either by a common trunk with the right colic artery’ or 
just below it and runs to within one and a half inches of the ileocecal 
angle. It divides into ascending and descending branches; the former 
joins with the lower branch of the right colic and the latter with the colic, 
anterior ileocecal and posterior ileocecal branches of the terminal 
branches of the superior mesenteric artery'* (5) The terminal branches 
of the superior mesenteric artery’ are ileal, appendicular, anterior ileo- 
cecal, posterior ileocecal and colic, (a) The ileal branch turns upward 
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and to the left and anastomoses with the lowermost rami intestini tenui. 
(b) The appendicular branch passes behind the terminal portion of the 
ileum, then enters the mesoappendix and reaches the appendix, (c) The 
anterior ileocecal artery crosses in front of the ileocecal junction and 
supplies blood to the anterior w all of the cecum, (d) The posterior ileoce- 
cal artery crosses behind the ileocecal junction and provides blood to the 
posterior wall of the cecum, (e) The colic artery runs upward along the 
ascending colon. (6) Rami intestini tenui: These arise from the left side 
of the superior mesenteric artery; they vary from ten to sixteen in num- 
ber and furnish the blood supply to the entire length of the small bowel 
with the exception of the duodenum and the terminal few inches of the 
ileum. Their subdivisions and course have a definite pattern and are of 
great surgical significance. 

Each artery divides into two branches which inosculate with the ad- 
joining branches of the two neighboring rami intestini tenui, forming the 
first series of arcades. From these “primary” arches thin vessels pass to 
the wall of the jejunum — vasa recti. This arrangement is observed in the 
upper half of the jejunum. From this point distally to the beginning of 
the ileum another arrangement is observed, namely, the primary' arches 
give off branches which divide and inosculate with the adjacent 
branches, thus forming “secondary arcades.” In the upper half of the 
ileum, “primary,” “secondary” and “tertiary” arcades can be seen and 
in the lower half of the ileum there is an irregular arrangement. Vasa 
recti pass from the last row of the “arches” to the wall of the bowel on 
which they ramify. These vasa recti arc longest in the upper part of 
the jejunum, reaching one and onc-lialf inches in length; and they are 
shortest in the terminal ileum where their length is only one-half inch. 
The vasa recti run alternately on the anterior and posterior wall of the 
bowel and then ramify. Occasionally, the branches of one vasum anasto- 
moses with the terminal branches of the adjoining vasa. However, as a 
rule the vasa recti do not anastomose, which is of great surgical signi- 
ficance, owing to the fact that should the terminal arch become occluded 
by an embolus or thrombus on both sides of the arch, the wall of the gut 
along this arch would become gangrenous. 

The inferior mesenteric artery arises from the front and left side of 
the abdominal aorta at a distance of one-half to two inches above its 
bifurcation. It gives off the following branches: (1) The left colic artery 
which runs laterally to within one to two inches of the middle of the 
descending colon where it divides into an ascending and descending 
branch. These branches inosculate with the left branch of the middle 
colic artery and the ascending branch of the first sigmoid artery, respec- 
tively. (2) The sigmoid arteries, two to four in number, pass into the 
pelvic mesocolon and each is divided into an ascending and descending 
branch which inosculate each ascending branch of the lower sigmoid 
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with the descending branch of the higher sigmoid, thus forming an ar- 
tery which runs parallel to the descending and sigmoid colon and which 
is known as the marginal artery- (3) The superior hemorrhoidal artery, 
which is the terminal branch of inferior mesenteric artery. 

Etiology. Incidence. Occlusion of mesenteric vessels is rare as is 
shown by the fact that in the Charity Hospital of New Orleans it was 
encountered only thirteen times out of 300,000 admissions; in the Emer- 
gency Hospital, Washington, D. C., in 30,000 admissions only seven 
times; in the Boston City Hospital in thirty-three years only fifty-one 
ca^es were seen; in the Massachusetts General Hospital in 50,000 surgi- 
cal admissions only thirteen times. Reports from other hospitals show 
about the same ratio. 

Age. It is a disease of middle age or of elderly individuals, although 
cases have been reported in children. The youngest ease on record is that 
of an infant four months old (in J. L. Meyer’s series) and the oldest 
ninety years old (in the Jackson, Porter and Quinby series). In Trotter’s 
series G3 per cent of all patients were under the age of fifty. 

Sex. There is a preponderance of the male over the female sex at a 
ratio of 2 to 1. 

Race. There is a decided preponderance in whites over negroes, 3 to 1 . 

Pathology. The mesenteric vessels may be occluded in several ways: 
(1) By embolism and thrombosis; (2) by inflammatory or degenerative 
changes in the wall of the vessels which occlude the lumen; (3) by ex- 
ternal pressure and (4) by trauma. 

Occlusion by Embolism and Thrombosis. An occlusion may be arterial, 
venous or combined, the latter variety affecting both the artery and vein. 
According to early investigators, arterial occlusion occurs more fre- 
quently than the venous type. In Trotter’s series of 36G cases nrterial 
occlusion occurred in 53 per cent; venous in 41, and combined in G per 
rent. However, more recent reports claim that venous occlusion is more 
frequent. Thu*, in Cokkinis’ series of seventy-six cases, 75 per cent were 
venous and 25 per cent arterial; in Brady’s report from Johns Hopkins 
Hospital eight out of fourteen eases were venous, four arterial, and in 
two case* Brady could not determine the exact nature. L. D. Whittaker 
and John de J. Pemberton reported sixty cases from the Mayo Clinic in 
which arterial occlusion occurred in 31.7 per cent, venous in 45, and the 
combined form in 23.3 per cent. 

Arterial occlusion may be due to embolism or thrombosis. In most 
cases (almost 90 per cent) it is caused by embolism and only in 10 per 
cent by thrombosis. The emboli set out from the left half of the heart, 
the aorta, or the lungs. When they come from the heart they may be 
attributed to some pathologic changes in it, such as acute or chronic 
endocarditis. When they arise from the aorta, the emboli usually origi- 
nate in the aortic valves and, in a few instances, in the atheromatously 
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changed wall of the aorta. Venous occlusion is usually due to thrombosis 
and very seldom to embolism. 

Primary and Secondary Thrombosis. Thrombosis may be primary or 
secondary. Primary venous thrombosis is much rarer than secondary. 
In Cokkinis’ scries of fifty-six cases of venous occlusion, the primary 
type occurred in only four cases. Secondary thrombosis accounts for the 
greatest majority of cases of venous occlusion. It is secondary to pa- 
thologic changes in the portal vein, or the intestinal wall, which is fre- 
quently a lesion of the appendix. Other causes of thrombosis of the mes- 
enteric vein are diverticulum of the sigmoid, excision of the rectum, ul- 
cerative colitis, purulent endometritis and salpingitis. It also occurs after 
hemorrhoidectomy, perineorrhaphy, ICraske operation, strangulated 
hernia, hepatic abscess and volvulus. 

Inflammatory Changes. Inflammatory or degenerative changes in the 
wall of the vessels are a very rare cause of occlusion and only a few cases 
are recorded. The actual condition is endarteritis obliterans, and endo- 
phlebitis obliterans. 

External Pressure. Occlusion of the superior or inferior mesenteric ar- 
teries by outside pressure has been reported by several authors. In most 
cases pressure is exacted by an aneurysm of the abdominal aorta upon 
the mesenteric vessels in the part which passes along the wall of the ab- 
dominal aorta. The occlusion is in some cases partial, in others complete. 
It is significant that in some cases of complete obliteration of the lumen 
of the artery, the gut is not gangrenous. This can be explained by the 
fact that the obliteration was gradual and collateral circulation de- 
veloped to a sufficient degree. A strangulated hernia may constrict the 
mesenteric vessels or its branches. A case was recently seen by the author 
when he was called in consultation to see a middle-aged woman who 
complained chiefly of pain in the chest and of some abdominal distress of 
three days’ duration. Physical examination at that time revealed a 
strangulated femoral hernia. Under spinal analgesia the sac was opened 
and the exposed loop of the bowel was cyanotic. After incising the ring 
to attain release of the bowel, it was found that the mesentery of the 
loop was entirely thrombosed to its roots. 

Trauma. This is a rare occurrence in this altogether rare entity. In 
such cases the abdomen is injured by an external force such as being run 
over by a vehicle or similar accident. The mesenteric blood vessels are 
torn and blood, filling the space between the leaflets of the mesentery, 
compresses the blood vessels leading to the bowel with resultant gan- 
grene. In this respect trauma actually produces a condition discussed in 
the preceding paragraph on External Pressure. 

The superior mesenteric artery is affected far more frequently than the 
inferior. In rare cases both the superior and inferior mesenteric arteries 
arc involved. The superior mesenteric artery alone is affected almost 
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twenty-five times as often as the superior and inferior combined, and 
fifty times as frequently as the inferior mesenteric artery alone. There 
are several reasons why the superior mesenteric artery is occluded by 
emboli more frequently than the inferior. The main reason for it is that 
it lies considerably higher than the inferior mesenteric artery and is, 
therefore, the first where an embolus can become lodged. 

The pathologic picture varies according to the occlusion being ar- 
terial, venous or combined, gradual or sudden, and also depending on the 
site of occlusion — at the beginning of the artery or in some of its 
branches. Arterial occlusion usually is due to embolism and has a sudden 
onset. In high embolism, when the embolus lodges high in the superior 
mesenteric artery above the origin of its branches, there is a sudden 
cessation of the circulation of blood in the entire mesentery. The blood 
below the embolus empties into the arterioles and capillaries; necropsies 
have shown the artery below the embolus and its branches to be nearly 
empty’, whereas the arterioles and the capillaries are filled with blood. 
If, however, embolic occlusion occurs distally to any of the large 
branches, be it only one and one-half inches below the origin of the 
superior mesenteric artery, the pathologic picture is different; the blood 
flows through the branches originating proximally to the point of occlu- 
sion and, through the collateral circulation, reaches the portion of the 
gut supplied by the occluded arteries and, thereby, does not damage the 
wall of the intestine. In some cases secondary thrombosis develops at 
the points of anastomosis of the arterioles of occluded and non-occluded 
arteries and for this reason infarction of the gut still will take place. If, 
however, no secondary thrombosis develops, the gut in this low type of 
embolus may remain undamaged. The damage to the wall of the in- 
testine further depends upon the embolus occluding an arterial branch 
close to or far from the intestinal wall. If the embolus lodges in the vasa 
recti, there will be damage to the wall of the gut supplied by the occluded 
vasa recti because there is usually no anastomosis between them. If, 
however, the embolus blocks the main branch of the artery or the proxi- 
mal arcade, the presence or absence of thrombosis decides whether or 
not there will be damage to the intestinal wall. 

In venous occlusion the picture is different. As it is usually due to 
thrombosis, the occlusion proceeds gradually and, therefore, also the 
development of a collateral circulation. Owing to the thinner of the 
walls of the veins small venous collateral branches become distended and 
may form large trunks. Cases have been recorded in wliich the vena 
porta, the superior or inferior mesenteric veins weTe completely occluded 
for several years without any clinical signs because of the development 
of a compensatory' collateral circulation. However, if the thrombosis 
spreads to the last venous arcades or the vasa recti, the collateral drain- 
age in blocked, the vein can not empty, the arteries arc still carrying 
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blood, the venous capillaries become engorged and, finally, torn, produc- 
ing hemorrhagic infarction. The appearance of the abdominal cavity in 
mesenteric thrombosis is characteristic, and an excellent description of 
it was given by It. G. Loop: “Transparent, sticky peritoneal fluid amber 
or blood-tinged, and without coagulated Jj'mph. Cyanosed, plum colored 
soggy edematous intestine with glistening peritoneum, free from adhe- 
sions, its lumen relaxed to a large caliber, lying inert in the abdominal 
cavity with no tendency to crowd out of the incision, held down by the 
weight of the fluid within its lumen, containing very little gas.” 

Symptoms. The symptoms depend upon many factors, such ns arterial 
or venous occlusion, produced by an embolus or a thrombus, whether 
the superior or inferior mesenteric artery is affected; whether the point 
of occlusion is high, i.c., at ft point of the main stem lying higher than 
its branches, or low, i.c., below the point of origin of at least one branch, 
whether one or more arcades and any vasa recti arc occluded, whether 
occlusion of the vessels is the only pathologic process or whether it is 
accompanied by endocarditis, pylephlebitis or appendicitis. According 
to the cause and character of constriction, the symptoms may appear 
suddenly or insiduously; and as an acute appearance is more readily 
observed, this variety was first described, usually associated with mes- 
enteric occlusion. 

From the standpoint of clinical manifestations mesenteric occlusion 
may be classed into three groups: (1) Acute, (2) chronic and (3) latent. 

Acute Group. In a typical case the first symptoms arc: (1) Pain: It 
appears suddenly, is colicky and very severe; later it becomes continu- 
ous and it is, usually, over the entire abdomen. Sometimes it is referred 
to the epigastric or right lower quadrant; occasionally, it is felt in one 
or the other loin. However, even if it is diffuse, it is still most marked at 
the seat of the pathologic process. It is the most persistent symptom 
and is present in more than 90 per cent of all cases. (2) Vomiting: This 
is the next symptom in the order of frequency and appearance. It is 
present in about 75 per cent of all cases; the patient vomits once or 
twice and then the vomiting ceases, but recurs later with other symp- 
toms of peritonitis. (3) Constipation, obstipation or diarrhea is present 
in about 55 per cent and constipation and obstipation are more frequent 
than diarrhea. In some cases the stool is regular and in others constipa- 
tion or obstipation follows diarrhea and still in others diarrhea follows 
constipation. In Trotter's series of 366 cases irregular function of the 
bowels was recorded in 209 cases; constipation or obstipation in 103 
cases, diarrhea in eighty-seven; constipation or obstipation followed 
diarrhea in fifteen and diarrhea followed constipation in four cases. (4) 
Melena: The frequency of this symptom varies considerably. In Cok- 
kinis’ series melena was reported in 18 per cent; in the statistical review 
of Jackson, Porter and Quinby of 214 cases, melena was present in 31 per 
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cent. (5) Heraatemesis occurred in about 28 per cent of all cases of 
Trotter’s series and in about 25 per cent of Cokkinis’ series. The blood 
is dark brown or black, in some cases bright red. It is clinically signifi- 
cant because, like melena, it is a valuable guide in differentiating be- 
tween a simple intestinal obstruction and that due to mesenteric throm- 
bosis. (6) Shock is present in nearly all cases with an acute onset. (7) 
Symptoms of interna! hemorrhage, such as restlessness, intense thirst, 
faintness and air-hunger are frequently present. (8) Collapse often takes 
place. It is due to exhaustion from continuous severe pain, from loss of 
blood bj' melena, hematemesis and extravasation into the peritoneal 
cavity, to dehydration by vomiting and diarrhea and to toxic absorp- 
tion from the gangrenous bowel. The patient is pale and looks extremely 
ill; the expression of his face is anxious (Hippocratic.) (9) Distention of 
the abdomen occurs early and is general; occasionally, it is limited to the 
epigastrium or hypogastrium. It occurred in 65 per cent of all cases of 
Cokkinis’ series. Although it is present in arterial and venous occlusion, 
it is more pronounced in the latter. (10) The temperature is subnormal. 
Occasionally, it rises slightly- above normal, but then drops to sub- 
normal. This marked fall, after a slight rise, is a characteristic feature. 
If the temperature remains elevated, it is usually due to the etiologic 
factor, or to an associated condition such as endocarditis, pyemia, ap- 
pendicitis, and the like. (11) The pulse is rapid from the start and be- 
comes increasingly faster. It may reach 160 and even become uncount- 
able. It is usually small, irregular and thready. (12) Free fluid in the 
abdomen is a very valuable sign. This is one of the most frequent symp- 
toms of mesenteric thrombosis and occurs in about S5 per cent of all 
cases. It is manifested by shifting dullness in the flanks. (13) Rigidity 
is present in about 45 and tenderness in about 65 per cent. These symp- 
toms may be generalized or confined to one or another region, such as 
the epigastrium, hypogastrium, right iliac or umbilical region. Rigidity 
is present in cases in which peritonitis already has set in. If it is absent, 
it is in striking contrast to the subjective sign of pain, which is extreme 
in its intensity. (14) Leukocytosis reaches a high level, up to 30,000 and 
more. It is higher than in any other acute abdominal condition. The in- 
crease is rapid and occurs soon after the onset of pain. 

Characteristic for this disease are the severe pain, high leukocyte 
count and subnormal, normal or only slightly elevated temperature 
ranging between 96° and 101° F. These symptoms are present only in a 
typical case of acute mesenteric arterial occlusion. However, in some 
cases the symptoms are different. 

Chronic Group. This group is characterized by a chronic course of the 
disease which ultimately becomes acute. The patient complains of symp- 
toms which extend over weeks or even months, such as colicky abdominal 
pain, vomiting, diarrhea followed by constipation or rice versa, in- 
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creased abdominal distention and flatulence; later, attacks of hemate- 
mesis and melena. These symptoms disappear for several weeks or 
months and the patient seems to be in comparatively good health 
until there is a sudden attack of the acute obstructive or hemorrhagic 
type of occlusion and the patient is extremely ill. This chronic variety 
of mesenteric occlusion occurred in 21 per cent of Cokkinis* series. In 
its chronic phase it is readily mistaken for duodenal ulcer, appen- 
dicitis and carcinoma of the colon; when the acute symptoms appear 
they may be mistaken for a perforated viscus or peritonitis. 

Latent Group. In this group the mesenteric occlusion is not a promi- 
nent feature and may even be overlooked. If, for instance, the patient 
suffers from pyemia with emboli disseminating in different arteries, 
some of them may lodge in the rami intestini tenui without producing 
gangrene or intestinal obstruction. The patient succumbs to pyemia and 
it is only at autopsy that emboli are found in the mesenteric nrteries. 

Diagnosis. Tho diagnosis is difficult, particularly in the chronic type 
or when mesenteric occlusion is a sequel to some other condition, the 
symptoms of which are more pronounced. That is why in most of the 
cases the diagnosis is made only after the abdomen is opened. A correct 
diagnosis is made in only about 15 per cent. 

In order to diagnose the acute type, the surgeon should bear in mind 
the following: (1) A history of a causative lesion, such as acute endo- 
carditis, pyemia, disease of the valves of the heart, portal obstruction or 
vascular occlusion in other regions. (2) A sudden onset of severe colicky 
pain, early vomiting, diarrhea or constipation, subnormal temperature, 
rapid, thready pulse which increases hourly in frequency, high leukocy- 
tosis, signs of external or internal intestinal hemorrhage and frequently 
intestinal obstruction. (3) An enema which reveals blood is the most 
valuable single symptom of mesenteric occlusion. (4) Constant drop in 
the blood pressure taken at short intervals. 

Differential Diagnosis. Many abdominal conditions may be con- 
fused with acute mesenteric occlusion: (1) Certain types of acute intes- 
tinal obstruction; (2) perforation of hollow abdominal viscera, such as 
the stomach, duodenum or appendix; (3) hemorrhage from a gastric or 
duodenal ulcer and (4) acute pancreatitis. 

For differentiation from acute intestinal obstruction it should be re- 
membered that (1) acute intussusception affects infants and small chil- 
dren; (2) chronic intussusception usually affects adults and does not 
present the acute symptoms of mesenteric occlusion; (3) strangulation 
by a band presents strikingly similar symptoms; however, the occur- 
rence of diarrhea, melena, or hematemesis, sanguineous results from an 
enema and a history or signs of a causative lesion or of vascular occlusion 
elsewhere speak for mesenteric occlusion. (4) Volvulus manifests vomit- 
ing as a late symptom, whereas in mesenteric occlusion it is an early 
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symptom; tenesmus is n frequent symptom of volvulus and rarely is 
observed in mesenteric occlusion. 

In perforation of a hollow viscus with ensuing peritonitis the symp- 
toms may closely resemble those of mesenteric occlusion; however, the 
differentiation is not difficult because in mesenteric occlusion there is 
colicky pain, early distention of the abdomen, signs of hemorrhage, 
slight rigidity, while in peritonitis due to rupture, there is extreme ri- 
gidity, immobility, tenderness, scaphoid retraction of the abdomen and 
a rise in the temperature. 

Hemorrhage from a gastric or duodenal ulcer is usually not associated 
with severe abdominal pain or symptoms of intestinal obstruction. 

Acute pancreatitis strikingly resembles mesenteric occlusion. A diag- 
nostic enema shows blood in mesenteric occlusion, which renders possible 
the differentiation from acute pancreatitis. 

Treatment. The treatment of mesenteric occlusion is surgical. The 
shorter the time between the onset of the disease and operation and the 
smaller area of gut involved, the greater the chances for recovery. De- 
spite early and skillful operation, the mortality rate is appalling, being 
as high as 80 to 85 per cent; under medical treatment the mortality 
reaches nearly 100 per cent. Klein, in 1921, found in the entire literature 
only eight cases of spontaneous recovery. It ejection of the bowel is the 
most logical operative procedure. The first successful enterectomy for 
this condition was performed by J. W. Elliot in 1894. The size of the 
removed bowel varied from a few inches to fifteen feet or almost two- 
thirds of the length of the small bowel. In the course of time better re- 
sults have been obtained; Brady, in 1923, had three recoveries in eight 
operated patients, which is one of the best reports on record. 

The next logical procedure is exteriorization of the affected bowel with 
a portion of healthy bowel lying proximally and distally. In the normal 
proximal portion of the bowel a tube is inserted for drainage. It is al- 
ways advisable to exteriorize at least one foot of normal bowel on each 
side, provided its combined length with the gangrenous bowel does not 
exceed one-half of the length of the small bowel. The reason for this is 
that in many cases the line of demarcation between the healthy and 
diseased portion is not sharp and a seemingly healthy part of the bowel 
may become involved within a few hours. 

Enterostomy proximal to the gangrenous loop of the bowel, leaving 
the impaired bowel in the abdomen, was carried out by several surgeons. 
This operation does not accomplish much; although it drains the intes- 
tinal contents outside, it leaves behind the gangrenous part which serves 
as a source of infection, intoxication and peritonitis. We consider it a 
futile procedure. The technic of enterectomy, exteriorization and enter- 
ostomy is described elsewhere. 
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Chapter XVI 


Urgent Surgery of the Colon 

By Julius L. Spivack 
Carcinoma 

Carcinoma of the intestinal tract in most cases does not belong to the 
domain of urgent surgery. However, its complications, such as acute 
intestinal obstruction and perforation, certainly present urgent condi- 
tions and for this reason carcinoma of the bowel becomes a subject of 
urgent surgery. 

Carcinoma of the intestinal tract is most often confined to the colon, 
its occurrence in the small bowel being in only about one per cent of the 
cases. In the large bowel not all parts are affected with equal frequency: 
the rectosigmoid and rectum are affected in about 64 per cent and the 
rest in 36 per cent. Eighty per cent of carcinomas of this region can be 
palpated by a finger introduced into rectum. 

Etiology. Carcinoma of the large intestine represents about 15 per 
cent, while cancer of the entire gastro-intestinal tract represents about 
48 per cent of all cancers of the body. In different parts of the large 
bowel the distribution of cancer is as follows: cecum 15 per cent, trans- 
verse colon 10 per cent, splenic flexure 6 per cent, descending colon 5 
per cent, rectosigmoid and rectum 64 per cent. 

Ace. Most frequently it affects individuals in the 5th and 6th decades; 
however, cases have been recorded even in children of the age of five and 
seven. Pennington in a series of 7,313 cases of carcinoma of the colon 
reported 40 cases under the age of 20; 235 from twenty to thirty years; 
690 from thirty to forty; 1462 from forty-one to fifty; 2120 from fifty- 
one to sixty; 1836 from sixty to seventy; and 930 cases above the age 
of seventy. 

Race. Whites are considerably more often affected than negroes. 

Males are more frequently affected than females, the ratio being 2 
to 1. 

Pathology. Carcinoma of the colon is usually primary and presents 
a single focus; however, multiple foci are encountered. Histologically, it 
is divided into the following groups: 

a. Aledullary adenocarcinoma; 

b. Scirrhus carcinoma, or fibrocarcinoma; 

c. Colloid (mucoid) adenocarcinoma; 

d. Papillomatous carcinoma; 

e. Squamous carcinoma; and 

f. Melanoma, 
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Different types of carcinoma are responsible for marked variations in 
the symptoms as well as the roentgenologic picture of the affected 
bowel. However, regardless of the pathologic type, they all may ulcerate 
with ensuing secondary infection. This infection is first localized in the 
ulcerated carcinomatous mass, and later may spread in continuity, sup- 
purate and break outside, producing fecal fistulnc, or into the free peri- 
toneal cavity causing fatal peritonitis, or becoming walled off by adhe- 
sions and then forming intraperitoneal abscesses. 

Carcinoma is usually single; multiple primary carcinoma of the colon 
is found only in about 3 per cent of all cases. 

Metastasis in carcinoma of the colon occurs comparatively late, later 
in fact than in any other portion of the gastrointestinal tract. For this 
reason radical surgery in early cases of carcinoma of the large bowel 
offers a greater hope for radical cure than in anj’ other organs affected 
by cancer. And of all parts of the large bowel metastatic carcinoma from 
the cecum occurs the latest. 

The grade of malignancy has a direct bearing on the percentage of 
metastasis, since it increases in proportion to the grade. 

In the order of decreased frequency metastasis occurs in the rectum, 
cecum, sigmoid, descending colon, transverse colon, splenic flexure and 
ascending colon. Metastases arc usually located in the neighboring lym- 
phatic glands. 

As regards distant metastases the liver is the organ that is first af- 
fected. 

Symptomatology. The symptoms vary, depending on the site of the 
lesion (right or left colon), pathologic type, presence of complications, 
such as metastasis, ulceration and perforation. 

Change of intestinal habit takes places in about 80 per cent of the cases 
of carcinoma, of the bowel. Irrespective of its site, patients have diarrhea 
which is followed by constipation or vice versa. Therefore, in all cases 
of a sudden change of intestinal habit in people past middle age, the 
physician should not overlook the possibility of a malignancy. 

Blood in the stool may be fresh or occult. In the latter form it can be 
found in the greatest majority of cases irrespective of the site of the 
lesion. However, fresh blood occurs with more frequency the closer the 
lesion is to the anus. Thus, in carcinoma of the cecum, it occurs in about 
9 per cent, in carcinoma of the left colon in 46 per cent, and in carcinoma 
of the rectum in about 85 per cent. ' — * * 

Abdominal cramps occur in about 80 per cent in cases of carcinoma of 
the ascending or descending colon and only in about 10 per cent in cases 
of carcinoma of the rectum. If the lesion is in the right colon, it is often 
associated with tenderness in the same region,- which accounts why from 
time to time a diagnosis of chronic appendicitis or cholecystitis is er- 
roneously made. 
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Secondary anemia may be present in carcinoma of any portion of the 
large bowel. However, it is an outstanding feature in carcinoma of the 
cecum or of the ascending colon. The patient's face acquires a charac- 
teristic lemon-yellow tint. In no other place does carcinoma give such a 
characteristic appearance of the face as in that of the right colon. Where- 
as anemia of this type in carcinoma of the left colon appears only in far 
advanced, virtually inoperable cases, in case of carcinoma of the cecum 
it may appear in a comparatively early stage of the disease. Accordingly, 
anemia associated with carcinoma of the left colon is actually a contra- 
indication to radical surgery, whereas with carcinoma of the right colon 
it does not constitute a contraindication. 

Loss of tc eight is more pronounced in malignancy of the cecum and 
ascending colon than in the left colon, the reason for it being that the 
right colon has a great deal to do with absorption of liquid intestinal 
contents, while the left colon is chiefly a place of storage of feces. An- 
other reason is that the intestinal lumen is widest in the cecum and the 
contents are liquid, for which reason the carcinomatous process may 
last for a considerable time, the patient may lose much weight and be- 
come dehydrated and still not have pain or become obstructed, the two 
symptoms that usually bring the patient to the physician. 

O&s/ructire symptoms appear in about 25 per cent of all cases of carci- 
noma of the left colon and considerably less frequently in carcinoma of 
the right colon or cecum. In the latter case they appear in the late stage 
of the disease, but may manifest themselves in early stage when the 
tumor affects the cecal wall close to the ileocecal valve. 

Obstruction maj' be acute, subacute or chronic. Acute obstruction is 
due to occlusion of an already narrowed lumen by fecal masses, volvulus 
nr intussusception. 

In chronic obstruction the patient becomes progressively constipated 
with signs of visible peristalsis, borborygmi and increased flatulence. 

Palpation through the abdomen of a lesion of the cecum or ascending 
colon is not easy, particularly in the early stage of the disease or in a 
stout person; palpation of the hepatic flexure is still more difficult, due 
to its deeper position. However, palpation of the sigmoid is not difficult 
and particularly digital examination per rectum will reveal the presence 
of a tumor in these parts in about 80 per cent. 

X-ray findings in the cecum and ascending colon are well pronounced 
in the later stages of the disease but may be overlooked in the early 
stage. Therefore, if x-ray findings do not corroborate the clinical findings 
it is advisable to take another x-ray 4 or 6 weeks later. Barium enemas 
should be given preference to oral administration, as the barium ad- 
ministered orally may plug the narrow lumen of the bowel and produce 
acute intestinal obstruction. Proctoscopic and sigmoidoscopic visuali- 
zation is very important for the diagnosis. This may reveal not only the 
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characteristics of the growth, such as ulcerations or a papillary adenom- 
atous lesion, but also will show the size, mobility and degree of obstruc- 
tion of the bowel. 

Diagnosis. Loss of weight in persons past middle age, loss of strength, 
change of bowel habit, secondary anemia, occult or bright blood in the 
feces, a palpable mass felt through the abdomen or by finger introduced 
through the anus and a filling defect demonstrated in a roentgenogram 
and proctoscopic examination establish the diagnosis. 

However, in many cases some of these symptoms are missing and 
even x-ray examination, particularly of the descending colon, may prove 
negative, especially so in the early stage of carcinoma. On the other 
hand, secondary anemia without any visible causes, particularly in the 
presence of a lemon-color tinge of the face in the middle aged, should al- 
ways cause us to think of the possibility of carcinoma of the cecum or 
ascending colon. 

Differential Diagnosis. This should be made from diverticulosis, 
polyposis, regional ileitis, chronic, non-specific granuloma, ulcerative 
colitis, actinomycosis, retrocecal appendicitis, bleeding hemorrhoids, 
benign strictures and intussusception. 

Diverticulosis is readily diagnosed roentgenologically. The diverticula 
have an appearance of rounded, knob-like projections along the lumen 
of the bowel and are multiple. The filling defect observed in diverticu- 
litis is of spastic origin and antispasmodic drugs, administered until the 
physiologic effect is obtained, will change the appearance of the bowel, 
while in carcinoma no change in the picture is observed after the ad- 
ministration of antispasmodics. 

Polyposis. This occurs usually in younger persons under the age of 
30; is present in many members of the same family; and x-rays by the 
"combined double contrast” method described by Fisher give a quite 
characteristic picture of polyposis. 

Hyperplastic tuberculosis is usually localized at the ileocecal junction. 
The differential diagnosis from carcinoma is made chicfly'roentgenologi- 
cally since in tuberculosis the x-ray shows involvement of the terminal 
ileum and irritability around the affected segment. 

Nonspecific granuloma may very closely resemble carcinoma both in 
its clinical manifestations and in the gross appearance of the lesion. It 
occurs mostly in the ascending colon. It presents great differential diag- 
nostic difficulties, as is attested by the fact that in 90 per cent of the 
cases it was diagnosed preoperatively as "tumor.” The fact that these 
patients are not anemic and have a general feeling of well-being shows 
that the patient has no carcinoma. 

Chronic ulcerative colitis is differentiated by the onset, clinical course 
and particularly proctoscopic examination, which gives quite a charac- 
teristic picture both in the acute and the chronic stage of the disease. 
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In the acute stage hyperemia, edema, miliary abscesses and miliary ul- 
cers are observed. In the chronic stage one sees contracted scars and a 
pitted mucosa. Granular ulcerations, punched scars and contraction of 
the lumen of the bowel are pathognomonic proctoscopic signs. 

Actinomycosis usually (in 80 per cent) affects the ileocecal region. It 
starts under the guise of acute or subacute appendicitis and later ab- 
scesses, sinuses and leather}' infiltration of the surrounding tissues take 
place. The presence of sulphur granules after the formation of sinuses or 
microscopic examination of the affected tissues establish the diagnosis. 

Treatment. There arc few malignant growths winch offer such a 
good prospect for radical cure as carcinoma of the large bowel, provided 
operation is done in the early stage of the disease before metastasis and 
general debility take place. Depending on the extent of the involvement 
surgery may be either radical or palliative. In the former the affected 
bowel is rejected with all involved lymph glands. In palliative surgery 
only some type of side tracking operation or a colostomy is carried out. 

Whether radical or palliative surgery is done depends on many fac- 
tors; mechanical resectability — that is whether the affected bowel is 
freely movable or penetrates the surrounding tissues; extent of lym- 
phatic involvement, presence of distant metastases, involvement of vital 
neighboring organs in continuit}' and the general condition of the pa- 
tient, i.e. age, weight, cardio-renal factors and degree of anemia. Anemia 
is not a contraindication to radical operation, but necessitates an opera- 
tion in several stages, which otherwise would be performed in one stage. 

Distant metastasis contraindicates radical surgery. If the carcinoma 
of the colon has invaded the anterior abdominal wall, removal of the 
bowel with resection of a portion of the abdominal wall (laparectomy) 
is advisable. 

Obese patients are poor risks owing to easier development of wound 
infection; age is an important factor because the older the patient, the 
more dangerous are the immediate results of operation; while the 
younger the patient, the more unfavorable is the prognosis with regard 
to recurrence. Anemia accompanying carcinoma of the left colon is not 
as dangerous from the operative point of view as when associated with 
carcinoma of the right colon because anemia in the former may be pres- 
ent in the early stage of the disease while in the latter it appears in the 
terminal stage. 

Preoperative management consists of combating dehydration bj* suf- 
ficient amounts of glucose given subcutaneously (5 per cent) or intra- 
venously (10 per cent) and blood transfusions to raise the hemoglobin 
level to 70 per cent. Decompression of the bowel is of greatest impor- 
tance and, last but not the least, administration of sulfasuxidine (suc- 
cinylsulfatbiazole) diminishes the B. coli flora and reduces the occurrence 
of postoperative peritonitis. The amount of sulfasuxidine to be given is 
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0.25 gm. per kilo of the body weight daily. It can be given in 3 equal 
doses. It should be started five days before the operation, so that by the 
time of operation, the coli bacilli are greatly reduced in number. 

Choice of Operation. The operative procedures differ depending on 
whether the right or the left colon is involved. In cancer of the left colon 
the technic differs depending on whether wo wish to preserve the sphinc- 
ter ani or not. 

The extent of operative removal for lesions at different sites of the 
colon is shown in accompanying figure (Fig. 227). 

A. Surgery of the Right Colon (Figs. 228, 229, 230, 231). In ma- 
lignancy of any part of the right colon (appendix, cecum, ascending 
colon, hepatic flexure, right third of the transverse colon), the entire 
right colon should be removed, together with 8 inches of the terminal 
ileum. This can be done as a one or a two stage operation. 

In the one stage operation, the terminal ileum is divided at a distance 
of 8 to 10 inches from the ileocecal junction and the terminal portion of 
ileum, cecum, ascending colon, hepatic flexure and right third of the 
transverse colon are removed. Continuity of the intestinal tract is 
reestablished by suturing the terminal ileum to the remaining portion 
of the transverse colon. This can be carried out as end-to-end, end-to- 
sideor side-to-side anastomosis. Of course in side-to-side anastomosis the 
open ends of the ileum and of the transverse colon are closed and in end- 
to-side anastomosis the open end of the transverse colon is closed. The 
actual anastomosis can be done by the open or closed method. 

The technic of the closed clamp one-stage method is as follows: The 
abdomen is opened by a right pararcctus incision starting 2 inches below 
the costal arch and extending downward 5 to G inches. The terminal 
portion of the ileum is divided between two crushing clamps, placed in 
a slightly oblique position so as to increase the lumen of the bowel and 
to secure a better blood supply to its cut edge. A fold on the anterior 
wall of the transverse colon is grasped by another clamp and the fold 
is shaved off flush to the blade. The length of the removed fold should 
be equal to the size of the lumen of the proximal cut end of the ileum. 
The clamp holding the proximal end of the divided ileum is placed side 
by side with the clamp holding the transverse colon so that the two 
openings lie symmetrically side by side. Sutures are placed uniting the 
posterior and the anterior lips of the two openings, thus uniting ileum 
with the colon. The clamps are now opened and gradually withdrawn by 
the surgeon while the assistant draws in opposite direction the ends of 
the anterior and posterior sutures, thus inverting the lips of the two 
segments of bowel. The corresponding ends of each thread are tied to 
each other, care being taken not to occlude the newly established anasto- 
mosis by a purse-string action. A second layer of seromuscular-sero- 
muscular suture reinforces the first layer. The anastomotic opening is 
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now made permeable between the index finger and the thumb. Next, 
the parietal peritoneum, lateral to the cecum and ascending colon is cut 
and the inner peritoneal lip is grasped. A finger is insinuated behind the 



Fig. 22 S. Right hemicolectomy. Upper half. Cutting of the ileum 
between tv\ o clamps. Left lower corner. Closure over a clamp of the 
distal end of ileum. Right lower corner. Clamp removed; the ends of 
the thread are pulled in opposite directions. 

cecum and the latter with the ascending colon are separated from the 
posterior abdominal wall and turned medialward; the peritoneal fold 
just above the hepatic flexure is cut and farther medialward the gastro- 
colic ligament is divided so as to mobilize the lateral third of the trans- 



Frc. 229. Right hemicolectomy. End-to-side lleocolostomy. A. Seromuscular suture of 
the posterior lips. B, Seromusc ul ar suture of the anterior lips. C. The clamps removed; 
the corresponding ends of each thread are tied to each other. Placing a reinforcing layer 
of sutures. 
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verso colon. The hepatic flexure with the lateral third of the transverse 
colon are then separated from the second and third portions of the duo- 
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the mesocolon. However, one has to remember that while removing the 
lymphatics one should not lift the right ureter and the right spermatic 
(or ovarian) vessels which then will be found attached to the mesentery. 
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divided between the clamps by cautery; the mesentery is clamped by 
forceps and the bowel removed. The open end of the remaining portion 
of the transverse colon is closed over the clamp by the Parker-Kerr 
method. 

Next, the edge of the cut mesentery is sutured to the lateral lip of the 
parietal peritoneum thus covering what formerly was the bed of the 
cecum and ascending colon. 

In a two-stage resection the first consists of dividing the terminal 
ileum, closure of the end of the ileum attached to the cecum, and ileo- 
colostomy and the second stage is carried out five to seven days later 
which consists of mobilization and excision of the bowel in the manner 
described above. 

B, Resection of the Splenic Flexure. The technic follows the 
general pattern of the removal of the hepatic flexure just described. It 
is technically more difficult than resection of the hepatic flexure on ac- 
count of its higher position. The technic is as follows: 

Step 1. The abdominal incision is carried parallel to and immediately 
below the left costal arch, starting at the ensiform process and reaching 
the lowermost portion of the arch. In cutting through the soft tissues 
one will divide the left m. rectus abdominis in the medial part of the 
incision and the oblique muscles in the lateral part. 

The mobilization of the bowel is started by cutting the left half of the 
gastrocolic ligament and gradually reaching the highest point of the 
splenic flexure. The advantage of starting from the stomach is that one 
can pull on that viscus (moderately, so as not to produce shock), instead 
of the bowel which is liable to tear. 

After the left side of the transverse colon is sufficiently freed, a small 
incision is made through the parietal peritoneum just lateral to the 
upper portion of the descending colon; the index finger of the left hand 
is insinuated and the peritoneum is separated from the underlying tis- 
sues in an upward direction up to the summit of the splenic flexure and 
downward to the limit of the intended section of the bowel and cut. 
The bowel is now retracted medialward with the fat and lymph-tissue 
lying on the posterior abdominal wall. The bowel thus is mobilized on 
each side of the summit of the splenic flexure, which can now either be 
brought dowm and the holding band cut under direct vision, or the finger 
can be passed over the summit of the splenic flexure and the band cut 
over the finger so as not to injure the bowel. The bowel is now brought 
outside. One should carefully palpate the mesentery of the descending 
colon, as the left ureter and the ovarian (resp. internal spermatic) vessels 
may be closely attached to the mesentery. If they are, they should be 
stripped off the mesocolon and dropped back. The bowel is now resected 
well beyond the affected part and the continuity of the tract reestab- 
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lished by cnd-to-end anastomosis either by the open or the aseptic over 
clamp method. In order to facilitate the work on the colon, a preliminary 
cecostomy is advisable; if that has been done, the cecostomy opening is 
still retained at least for 2 weeks after operation to serve as a safety 
valve by preventing increased pressure upon the suture line. 

C. Resection of the Descending Colon and Recto-Sigmoid. If 
the sigmoid is involved, it is removed well beyond the affected tissue, 
and the reestablishment of continuity is carried out at the time of re- 
moval of the diseased gut either by a primary suture method or by an 
aseptic over clamp method as described above, or else as a many-stage 
operation. 

Up to recent times it was considered a dangerous operation, the one 
stage resection by the open method, in which the continuity of the in- 
testinal tract was reestablished by open suture method, on account of 
high mortality rate due to peritonitis. Only after the introduction of 
sulfasuxidine, which nearly eliminates the B. coli from the intestinal 
flora, the open method became much safer and is gaining more and more 
advocates on account of its obvious advantages over multiple stage 
operations. In case of multiple stage operation it may be done cither 
by Mikulicz exteriorization or by the “Obstructive resection method” 
of Ranldn. 

Mikulicz Exteriorization Technic. This is a four stage operation. 

First stage. The abdomen is opened by a left paralateral rectus in- 
cision. The sigmoid is located. The adjoining portion of the descending 
colon is mobilized and turned inward together with the sigmoid. The 
mesentery of the sigmoid is ligated and cut in a “Y” shape (it should be 
kept in mind that not only the blood vessel distribution but also the area 
of lymphatic drainage should be considered before deciding the amount 
of bowel to be removed). The portions of the bowel lying in close proxim- 
ity to the part to be removed are laid side by side. A seromuscular su- 
ture connects them. Next, a suture fixes each loop of the “double-barrel” 
to the peritoneum, so that the diseased portion to be removed lies upon 
the skin. 

Second stage. This is done four to seven daj’s after the first stage. It 
consists of cutting off the bowel lying on the skin, leaving only one to 
one and one-half inches of the bowel above the skin level. 

Third stage. This is carried out seven days to two weeks after the 
second stage and consists of introducing the blades of an enterotribe or 
of any strong artery forceps into the lumen of each opened bowel. The 
lock of the artery forceps is closed tightly. Each day the artery forceps 
is locked one notch tighter than on the previous day. In a few days the 
intestinal wall between the two loops is crushed, so that a spur no longer 
remains. 

Fourth stage. Two to three weeks after the third stage the lumen of 
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the bowel is closed. The technic of closure is as follows: a circular skin 
incision is made around the colostomy opening. The incision is carried 
to the fascia in fat patients and through it and the muscle down to 
the peritoneum in lean patients. The intestinal tube is separated from 
the skin (in fat patients) and also from the fascia and muscle in lean 
patients. The opening of the bowel is now closed by inverting the edges 
by a Connell suture. 

A second layer of seromuscular sutures is placed over the first layer. 
The suture material used is fine intestinal chromic catgut. 

The skin (in fat patients), or muscle, fascia and skin in lean patients 
arc closed over the sutured bowel. One has to be sure, that before start- 
ing to suture the bowel lips, there should be left no indurated pieces of 
fat attached to the edges of the gut. If pieces of indurated fat or of 
appendices epiploicae are attached to the intestinal wall, inversion of the 
edges is done under tension and as soon as the catgut is absorbed, ever- 
sion and pouting of the intestinal mucosa takes place and results in an 
intestinal fistula. 

“Obstructive Resection” (Rankin) Method. This operation is 
performed in two or in three stages. The first consists of removal of 
bowel harboring the malignant growth; the second of removal of the 
colostomy spur produced in the first stage of the operation; and the third 
of closure of the colostomy opening. 

Technic : First stage. The abdomen is opened. The involved bowel is 
exposed; if it is the transverse colon, it is detached from the omentum; 
if it is the sigmoid, it is mobilized and brought outside the abdominal 
cavity. The blood vessels supplying the bowel to be removed are ligated 
close to the root of the mesentery and the intervening mesentery with 
its lymphatics are removed. Rankin’s three-bladed clamp is applied to 
the two limbs of bowel just proximal and distal to the bowel to be re- 
moved. The bowel is cut away flush from the blades with a cautery. 
The mesentery is closed with exception of a small place through which 
the lips of the abdominal wound are sutured each to other. However, 
before suturing the lips of the abdomen the raw' surface of the posterior 
abdominal wall produced by mobilization of the colon is peritonized. 
The abdominal wall is closed above and below the protruded ends of 
bowel. 

The bowel is left thus obstructed for 48 to 72 hours. If the patient has 
gas pains the clamp on the proximal loop is released for a few minutes. 

The second stage consists of the application of the enterotribe to crush 
the spur. This can be done either with a heavy enterotribe or any 
Ochsner or Kelly-Plan forceps. Rankin advises to destroy the spur 6 
weeks after the 1st stage. 

The third stage consists of closure of the colostomy opening. This is 
done in the manner described under “Mikulicz Operation.” 
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Excision of Rectum (Figs. 232, 233, 234, 235). Of nil the methods of 
excision 'of the rectum the radical abdominoperineal operation, as de- 
scribed and practiced by Miles, gained universal recognition. 

The resection can be done as a one or a two stage operation. Miles' 
operation is a one stage operation. The first part of this one stage opera- 
tion is the abdominal and the concluding part the perineal approach. 

The patient is placed in the pronounced Trendelenburg position. A 
right paramedian incision, half an inch away from the midline is made, 
starting one inch above the umbilicus and reaching the crest of the pubic 
bone. After the abdomen is opened a self-retaining retractor Is placed. 
Next, the abdomen is carefully examined for metastases and for this 
purpose the pelvic mesocolon should be examined first for nodules. They 
may be found along the line of attachment of the mesocolon to the pos- 
terior abdominal wall, or along the course of the inferior mesenteric and 
superior hemorrhoidal vessels; or on the mesentery along the border of 
its attachment to the colon; or in the substance of the mesentery itself. 
If nodules are found close to the posterior abdominal wall, this signifies 
that wide extramural extension of the disease ahead}' has taken place 
and the ca=e is inoperable, because recurrence is almost certain to occur. 
Next, the liver is examined. One should then examine the urinary blad- 
der and the vagina. If the bladder or the vagina are involved the case is 
inoperable. If exploration shows that the case is operable, the following 
steps are made: 

Step 1. The small bowels are pushed away from the pelvic cavitj' up- 
ward and the pelvic cavity and the immediate vicinity of the lower 
lumbar region is walled off from the rest of the peritoneal cavity. 

Step 2. The pelvic colon is brought outside the abdominal cavity. If 
it is difficult to do so on account of shortness of its mesentery, the sig- 
moid can be mobilized by cutting the parietal peritoneum lateral to it. 

Step 8. The inferior mesenteric vessels are ligated at a point between 
the origin of the first and second sigmoid arteries. This point is about at 
the level of the bifurcation of the abdominal aorta. This can best be 
accomplished bypassing an aneurysm needle around the vessels, grasp- 
ing with them some of the mesocolon tissue. One has to be careful not 
to include in the ligature the left ureter, which is situated at about three- 
fourths of an inch to the left from the inferior mesenteric artery at the 
level of the bifurcation of the aorta, but at the level of thepromontorium 
they lie close to each other, for which reason ligation of the inferior 
mesenteric artery is much safer at the level of the bifurcation of the 
aorta. Another ligature is placed about one half of one inch below the 
first ligature and the vessels are divided between these two ligatures. 
This renders the operative field in the subsequent steps nearly bloodless. 

Step 4. The parietal peritoneum is cut at right side of the mesocolon 
parallel to the bowel starting immediately below the upper ligature 
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placed on the inferior mesenteric artery and cutting it as far downward 
as the promontoriura. The finger is introduced behind the bowel and 
places on the stretch the peritoneum to the left of the rectum; it is then 
cut immediately to the left of the rectum, thus avoiding injury to the 
left ureter. 

Step 5. The finger introduced behind the rectum separates it from the 



Fra. 232. Abdomino-perineal resection. Ligation of the inferior mesenteric artery. 

bone all the way downward as far as the sacrococcygeal articulation; and 
while elevating the bowel from the sacrum the finger raises also the 
pelvic peritoneum, which is divided on either side parallel and close to 
the brim of the true pelvis as far as the base of the bladder, care being 
taken not to injure the ureters. Then these incisions are turned medially 
until they meet each other behind the base of the bladder in the male or 
the upper part of the vagina in the female. 

Step 6. The anterior wall of the rectum is separated from the vesicula 
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seminalis and the base of the bladder. This separation goes downward 
as far as the base of the prostate. 

Step 7. After the rectum has been freed posteriorly to the sacrococeyg- 




Tio. 233 Abdomino-perinea! resection. A. Mobilization of rectum. B. Separation of 
rectum from sacrum. C. Separation of rectum from bladder. 

eal joint and anteriorly to the base of the prostate, the lateral attach- 
ments of the rectum can be readily felt. They consist on each side of a 
broad dense band of connective tissue which passes from the lateral wall 
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of the rectum downward and lateralward toward the base of the bladder. 
The middle hemorrhoidal artery passes through each ligament and, 
therefore, these ligaments have to be cut between clamps. 



Fia. 234. Abdomino-perineal resection. A. Cutting across the sigmoid loop. B. Tying 
of the distal sigmoid loop over a rubber dam. C. Suture of the vesical peritoneum to the 
promontory. D. Final view after completion of the abdominal stage of resection. 


Step 8. The pelvic colon is divided between 2 clamps at a point 3 inches 
below the descending colon. Each end is covered with a piece of rubber 
and tied. The occluded distal end of the colon is pushed into the pelvic 
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floor a? far down as possible with the tied end lying at the lowermost 
position, so that it can casily[be reached through the perineum. 




Fig. 235. Abdomino-pcrincnl resection. A Closure of anus by a purse-string. Cutting 
of the skin around the anus. B. Exposure of gluteus and levator ani muscles. C. The 
distal end of the distal loop of sigmoid is brought outside. D. The distal loop is already 
cut away from the surrounding structures. E. Final view of the perineal stage of resection 
(diagrammatic). 

Step 9. A new pelvic floor is now formed above the true pelvis by su- 
turing the peritoneum attached to the bladder to the peritoneum in 
front and above the promontory. 



URGENT SURGERY OF THE COLON CM 

In women the broad ligaments instead of the vesical peritoneum can 
be utilized for this purpose. 

Step 10. The proximal end of the bowel is brought outside through a 
small opening lying on the spino-umbilical line at a distance of l£ inches 
from the spina iliaca anterior superior or through the same opening 
through which the operation has been performed. 

Perineal Stage of the Operation. The patient is placed on his ab- 
domen so that the lower end of the body is at the edge of the table and 
the legs hang down at their entire length, or he may lie on the table 
with the pelvis elevated. 

Step 1. The anus is closed by a purse-string suture. A longitudinal in- 
cision starting at the sacrococcygeal joint is running in the internatal 
furrow down to one inch behind the anus and then to the right and left 
of the anus, and thence down in the form of a horse-shoe, after which 
the anterior ends are joined by a transverse incision in front of the anus. 
It is important that a wide area of perineal skin should be removed, be- 
cause the skin in this area is particularly prone to manifest recurrences. 
This means that the arms of the above outlined horse-shoe should be 
wide. 

The gluteal flaps are reflected and retracted, thus laying bare the 
coccyx. 

Step 2. The coccyx is removed. 

Step 8. A small transverse incision immediately below the sacrum is 
made and the fascia propria recti is detached from the ventral surface of 
the lowermost portion of the sacrum. From there the index finger goes 
upward in front of the sacrum and enters in that part of the abdominal 
cavity which lies below the pelvic floor formed in the abdominal stage 
of the abdominoperineal resection. A transverse incision is made through 
each coccygeus muscle extending from each side of the rectum laterally 
to the great sacrosciatic ligament. 

The bowel is now caught at its end covered with rubber and drawn 
outside. Traction is now made on the bowel and the m. levator ani of 
each side comes into view. The levators are now divided at their origin 
from the lateral pelvic wall. 

The anterior wall of the anal canal is detached from the central point 
of the perineum, care being taken not to injure the membranous portion 
of the urethra. The large cavity thus produced is now packed with 
gauze. 

The skin from below is closed, leaving only a small opening for the 
end of the gauze drain. 

Diverticulitis 

Diverticulitis of the colon in many instances is treated medically; 
some cases belong to the domain of elective surgery; and only seven to 
eight per cent of them become a subject of urgent surgical intervention 
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on account of complications, such as perforation, abscess formation and 
acute intestinal obstruction. 

Etiology. A diverticulum is a sacculation projecting from different 
portions of the digestive tract. In the intestine it may spring from the 
mesenteric, antimesenteric and lateral intestinal walls. Most frequently 
it occurs in the sigmoid. As a rule, it is multiple. They are of two varieties 
— congenital (true) and acquired (false), the latter being preponderant. 
Diverticula usually occur in patients past middle age, being rare under 
tlie age of thirty, uncommon under the age of forty and usually are en- 
countered between the age of forty and fifty. Nearly 5 per cent of the 
patients coming to autopsy show diverticula. It is more frequent in men 
than in women, the ratio being 3:2. The diverticula become inflamed in 
about 30 per cent, 25 per cent of which require surgery-. In other words, 
only 7 to 8 per cent of patients with diverticulosis develop diverticulitis 
demanding operative intervention. In about 80 per cent the diverticula 
are located in the sigmoid, the remaining 20 per cent being situated in 
the descending colon, rectum, transverse colon and ascending colon. A 
diverticulum may be present even in the appendix. 

Pathology. The diverticula are bottle-shaped with a narrow neck. 
As long as the intestinal contents freely enter and leave the sac, no in- 
flammation takes place. If, however, the drainage from the diverticulum 
is impeded, stagnation and infection with ensuing inflammation take 
place. This inflammation may be confined to the sac itself, or spread to 
the surrounding tissues, producing peridiverticulitis. Inflammation may 
affect the mesentery resulting in its thickening. The bowel may become 
edematous, the surrounding inflamed tissues may compress the bowel, 
thereby producing intestinal obstruction. The thickened mesentery and 
peridiverticulitis produce tumefaction which may be mistaken for ma- 
lignancy. The process may repeatedly subside and become exacerbated, 
thus producing chronic inflammation. From time to time the inflamed 
mass may break into another bowel loop, the urinary bladder or outside 
through the skin with resulting fistulae. 

Symptomatology. The symptoms vary, depending on the stage of 
inflammation, the segment of the bowel involved, the presence or ab- 
scence of complications and the type of complications. 

If the inflammation affects a diverticulum of the cecum, the symp- 
toms may simulate acute appendicitis, such as pain, tenderness, rigidity 
and leukocytosis. In the presence of abscess formation it may be im- 
possible to differentiate it from an appendicular abscess. 

If the process takes place in the sigmoid, the symptoms are the same 
as on the right side with this difference only that the pain, tenderness 
and rigidity are localized in the left lower quadrant. One may then sus- 
pect acute diverticulitis, particularly in obese, middle aged persons. The 
symptoms will also vary depending on the complications. If the diver- 
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ticulum perforates into the free peritoneal cavity, general peritonitis will 
ensue with its characteristic manifestations; if the diverticulum perfo- 
rates into a part of the peritoneal cavity walled off by adhesions, local- 
ized abscess formation takes place. If the diverticulum breaks into the 
urinary bladder, the urine will acquire a fecal odor, bubbles of gas and 
even particles of feces will come away with the urine. In case the diver- 
ticulum breaks into another intestinal loop, clinical remission or even 
recovery takes place. 

In chronic diverticulitis the patient has abdominal discomfort, change 
of bowel habit, from time to time local tenderness and rigidity. In many 
cases the symptoms subside entirely only to reappear at some future 
time. 

Diagnosis. Acute cases present great diagnostic difficulties as is at- 
tested by the fact that they have been mistaken for appendicitis, cho- 
lecystitis, pancreatitis, pelvic tumors, carcinoma and intussusception. 

In chronic cases the diagnosis is simple, as it is nearly always cleared 
up by a radiogram. 

Treatment. If no complications arise this disease is treated medically. 
It consists of putting the patient on a low-residue diet and the adminis- 
tration of mineral oil in order to prevent complications. If these do arise, 
they have to be treated surgically. 

Perforation is treated by closure with inversion of the edges. If, how- 
ever, the diverticulum is indurated and is impossible to close the open- 
ing, the bowel is exteriorized, the opening left intact with a view to 
future closure or resection of the affected segment of the bowel. 

Abscesses have to be incised and drained. 

Spreading peritonitis is treated in the usual manner (penicillin, sulfa 
drugs, suction tube, intravenous infusions, blood transfusions or plasma 
infusions). 

Chronic diverticulitis is treated surgically only when complications 
arise. 

Intestinal obstruction is treated by preliminary decompression followed 
by the excision of the part involved. If the latter is inaccessible in the 
pelvic cavity, or reveals extensive adhesions, permanent colostomy may 
be required. 

Fistulae are treated by their dissection, and closure of each end. In 
some cases it is a comparatively simple procedure; in others it may prove 
a difficult surgical intervention, as, for instance, in a sigmoidovesical 
fistula in which the tract connects the sigmoid with the base of the 
bladder. 

Prognosis, regardless of the type of treatment (medical or surgical) 
is not good. The mortality in medically treated cases is about 30 per cent 
and in the surgical cases it varies greatly from 10 to 60 per cent, 
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Traumatic Injuries of the Rectum 

Injuries of the anus and rectum date back to remote antiquity. The 
Chinese have put bamboo sticks into the rectum as a punishment for 
adultery. The Code of Hammurabi prescribed impalement by “sitting 
on a stick” as a punishment for lustful murder. As late as in the six- 
teenth and seventeenth centuries. Cossacks punished offenders by “sit- 
ting on a stick” or by breaking them on the wheel or quartering. 

Etiology. Injury of the rectum may be produced by gunshot, stab- 
bing, impalement with a pitchfork, sigmoidoscopy, the improper intro- 
duction of an enema nozzle and even by sexual perverse acts. 

Pathology. Rectal lesions are cither extraperitoneal, if located below 
the peritoneal reflection, or intraperitoneal. There may be a single lesion 
or also involvement of the urinary bladder, small intestine, pelvic bones 
or the large pelvic vessels. While improper therapeutic or diagnostic in- 
strumentation usually produces a single lesion, traumatic accidents often 
result in multiple, complicated injuries. 

Symptomatology. The symptoms vary according to the nature and 
extent of the lesion or lesions, with particular reference to the presence 
or absence of involvement of the peritoneum and the length of time that 
has elapsed since receipt of an injury. 

A single intraperitoneal injury seen early manifests only moderate 
bleeding from the rectum. The patients ordinarily complain of only 
slight pain. But a few hours after receipt of such an injury there is 
marked distention of the abdomen, pneumoperitoneum, obliteration of 
the hepatic dullness and tenderness and rigidity of the lower abdomen. 

Lesions below the peritoneal reflection may cause no more than slight 
bleeding through the rectum; if retroperitoneal infection sets in the 
symptoms may be those of sepsis. 

Involvement of the bladder yields the typical symptoms due to ces- 
sation of spontaneous micturition. The urine may escape through the 
rectum and blood may be forced out through the urethra. One often 
notes dullness in the suprapubic region, tenderness and rigidity of the 
lower abdomen, and a frequent desire to micturate. 

Diagnosis. A correct diagnosis is arrived at partly by the history of 
a preceding trauma and partly by physical examination. Digital explo- 
ration alone may reveal a perforation of the rectosigmoid extending to 
the peritoneal cavity, but proctoscopy or sigmoidoscopy may have to 
be added to clinch the diagnosis. It should, however, be borne in mind 
that a small perforation of the rectum has been overlooked and found 
only at autopsy. 

Treatment. A single, extraperitoneal lesion may require no more than 
the insertion of a large rubber tube into the rectum with or without its 
fixation to the anus. An intraperitoneal injury requires determination 



URGENT SURGERY OF THE COLON 643 

whether it is isolated or complicated. This is a problem which is not 
easily solved in the early stage. While the situation becomes clear if the 
bladder is involved, a complicating lesion or lesions of the small intestine 
may at first yield no symptoms. To remain expectant until signs and 
symptoms appear, spells doom for the patient. For this reason every 
injury of the rectum that extends to and into the peritoneal cavity de- 
mands immediate exploratory laparotomy, which may be carried out 
abdominally, through the perineum or transsacrally. Exploration 
through the abdomen is undoubtedly the best procedure because it af- 
fords wide exposure and a good survey for reparative action. 

If it is found that the injury is limited to the rectum and involves a 
comparatively small area, it may suffice to close the opening in two 
layers, dust the wound with sulfanilamide and close the abdomen in the 
usual manner without drainage. A large rubber tube is introduced into 
the rectum and allowed to protrude through the anus. Should the open- 
ing of the rectum be too large for simple closure, omentum must be 
drawn upon for reenforcement, a drain carried outside the abdominal 
cavity and a large rubber tube introduced through the rectum. 

If the injury also involves the bladder, the opening in it is closed as 
well as that in the rectum. An indwelling catheter is left in the bladder 
and a large rectal tube is carried through the anus. In addition, a drain 
is placed between the rectum and the bladder and brought outside 
through the abdominal wall. 

An extraperitoneal injury to both the bladder and the rectum ascer- 
tained by laparotomy calls for closure of the peritoneal cavity and a 
suprapubic approach through the space of Retzius. After closure of the 
openings in the bladder and the rectum an indwelling catheter should be 
left in the former and a large rubber tube in the latter led through the 
anus. Drainage of the space of Retzius completes the operation. 

The mortality from complicated injuries in the period preceding the 
introduction of plasma and chemotherapy has been appallingly high, 
reaching as high as 60 per cent. The present effective measures available 
to combat shock and infection have considerably lowered that rate. 
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Chapter XVII 

Perforative Peritonitis 

By Elhdio Stincer 

A clinical study of peritonitis due to perforation should be preceded 
by an anatomic review, and also by a brief excursion into the domain of 
its physio-pathology, because on them rests the diagnosis and surgical 
treatment of this interesting group of acute abdominal lesions. In fact, 
peritonitis due to perforation of the appendix is not the same as peri- 
tonitis due to gastro-duodenal perforation neither in their clinical mani- 
festations nor in their course. Likewise, it is not the same in its course nor 
in its prognosis in case of acute gastric perforation through the anterior 
gastric wall; also wc cannot consider of equal gravity peritonitis of the 
upper portion of the abdomen and that of the lower portion. The ana- 
tomic conditions vary and for this reason also the clinical manifestations 
and the prognosis. It is a well known fact that the greater danger is asso- 
ciated with lesions of the upper portion of the abdominal cavity, due to 
the proximity of the diaphragm, where there exists a great richness of the 
lymphatics and whose relations to the heart, pleura and lungs explain 
the greater danger of peritonitis in the supramesocolic region. 

From the foregoing, therefore, it can be deducted that in order to 
comprehend the evaluation of clinical symptoms of perforative perito- 
nitis it will be necessary to keep in mind the anatomic position and the 
relationship of the perforated viscus to other structures; the detailed 
structure of the viscus itself; the site of perforation; its cause; the causa- 
tive germs and the degree of their virulence; the circumstances in which 
perforation took place; the state of the patient, and the like. 

All these factors will help us to explain the surgical considerations 
which govern the diagnosis, prognosis and treatment of perforative peri- 
tonitis. 

We shall divide our exposition into two large sections: (a) Anatomic 
and physiopathologic considerations; and (b) Clinical study. 

Anatomic and Physiopathologic Study of Peritonitis Due to 
Perforation 

This section we shall subdivide into: 1. Study of the peritoneum; and 
2. Study of perforations per se. 

Study of the Peritoneum 

The peritoneal serosa is the structure that puts an especial mark on 
a great group of abdominal affections. 

645 
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The peritoneum covers without interruption the greet abdorainopelvic 
cavity, thus constituting its natural borders. But whereas in a morpho- 
logic sense we cannot separate the abdominal from the pelvic perito- 
neum, we will nevertheless, from the medico-surgical aspect and even 
for the sake of clearness of presentation, accept such a division. 

Abdominal Peritoneum. The abdominal peritoneum enters into in- 
timate relationship with different viscera and, therefore, shows various 



arrangements. From it are 
formed different folds under 
the names of omenta, mesen- 
teries and ligaments, which 
form connections between 
the viscera, between the vis- 
cera and parictcs, be these 
viscera strictly of the ali- 
mentary tract or not. 

As all structures of serosal 
type, the peritoneum con- 
sists of two layers: a super- 
ficial, which is endothelial, 
and a deep layer of connec- 
tive tissue. At the same 
time, it is described as a pa- 
rietal and a visceral layer and 
between them is situated the 
peritoneal cavity. The former 
layer covers without inter- 
ruption the entire surface of 
the abdominal wall, the latter 
is related to various viscera, 
forming more or less com- 


Fio. 230, The primitive state of the peritoneum P^ e * e envelopes. 

and digestive tube of an embryo. In order tO study the V1S- 

ceral peritoneum of an adult, 
it is necessary to know about the visceral peritoneum of an embryo, be- 
cause it is known that in the course of the development the abdominal 
portion of the digestive tube is found to consist of only 4 loops; these arc 
fixed to the posterior abdominal wall by a continuous dorsal mesentery, 
which can also be subdivided into four ligaments or mesenteries — one for 
each loop. The four primary loops are from above below, the gastric loop, 
which gives origin to the abdominal portion of the esophagus, to the 
stomach and to the first portion of the duodenum; the duodenal loop, 
which gives origin to the remaining three portions of the duodenum; the 
umbilical or vitelline loop that gives origin to the jejunum, ileum, cecum, 
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colon asccndcns, colon transversus down to the splenic flexure; and, 
finally, the terminal loop, which gives origin to the colon dcscendens, 
ileo-pelvic colon and the rectum. At the apex of the vitelline loop is 
implanted the vitelline duct. To each of these loops belongs a segment 
of the continuous dorsal mesentery; 
therefore, there arc a posterior meso- 
gastrium, mesoduodenum, umbilical or 
vitelline mesentery and a terminal 
mesentery. In an adult, due to certain 
changes and modifications that take 
place in the digestive loops, whether 
due to torsion or to vascular arrange- 
ments, these mesenteries also undergo 
changes, with the exception of the 
mesoduodenum, which remains totally 
adherent or fused. The others usually 
consist of two parts: one, which re- 
mains free, nonfused; the other, which 
fuses or adheres either directly to the 
parietal peritoneum or to other viscera, 
thus forming fused zones of the peri- 
toneum or fused fascia. Knowledge of 
these fused zones is absolutely neces- 
sary for the surgeon in order correctly 
to mobilize some of the abdominal 
structures which lie deep and are fixed, 
such as the duodenum, pancreas and 
so on, and of which modern surgery 
took advantage, thus enabling their 
introduction into its domain. 

The same digestive tube is found 
fixed, but on this occasion only par- 
tially, to the anterior abdominal wall. 

Therefore, here exists an anterior ven- 
tral peritoneal fold, which is suspended 
and interrupted in its center. The lower 
portion is confined to the preanal por- 
tion of the bowel, from which take 
origin the urinary bladder and the urachus ; the upper portion is marked 
by a reticular recess, which will form the liver. 

For what was expounded it is clear how variable will be the disposition 
of the visceral peritoneum in an adult in relation to numerous changes 
pertaining to the direction of different digestive organs, as well as to the 
development of different fused fascia and again to different accidents in 
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development of different viscera or of the peritoneal fold (Figs. 236, 
237, 238). 

£ Peritoneal Cavity. We already have seen the manner of formation 
of the peritoneal cavity; we know the complications that this large 

serosal cavity offers us and 
this is essentially due to the 
irregularity of the arrange- 
ment of the visceral peri- 
toneum; to numerous folds 
(omenta, mesenteries, liga- 
ments) which form nu- 
merous compartments thus 
making it, at least theo- 
retically, indescribable. 
This anatomic subdivision 
into compartments is con- 
siderably increased during 
the development of patho- 
logic processes by virtue of 
one of the best properties 
of the serosa, namely, the 
property to form adhe- 
sions, thus regaining its 
primitive properties dur- 
ing its embryonic stage. In 
this manner is achieved the 
process of spontaneous re- 
covery by localization of 
different morbid processes 
and giving a place, as we 
will see it later, to a clinical 
group of localized or en- 
cysted peritonitis with a 

Fig. 23 S. The l»i of rot.tioo of tb, relatively favorable prog- 
digestive tube. no«is which has to be dif- 

ferentiated from general or 

diffused peritonitis with a particularly grave prognosis. 

Peritoneal Folds Producing Compartments in the Great- 
Peritoneal Cavity. These, as was stated, consist of mesenteries, 
omenta and ligaments (Figs. 239, 240). 

Mesenteries. When we speak of the embryonic stage of the digestive 
tube and its folds (anterior or ventral and posterior or dorsal), we imply 
that due to certain changes and modifications in the evolution of the 
same, some anatomic changes take place producing on one hand fused 




Fia. 239. The viscera are removed; note the compartments in the 
peritoneal cavity formed by peritoneal folds. 


primitive umbilical loop; another part forms the mesentery of an adult, 
which represents the other portion of the same fold neither of which 
fuses. I wish to say then that the mesentery of the primitive vitelline 
loop consists in an adult of three portions completely differentiated; 
one is fixed, adherent, fused to the peritoneum of the posterior ab- 
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dominal wall and which is known as the right colo-mesocolic fascia; the 
other consists of two free, non-adherent, non-fused portions one of 
which constitutes the mesentery of an adult, and the other the trans- 
verse mesocolon. 

The transverse mesocolon is a peritoneal fold which forms the great 
dividing partition of the abdominal cavity. It is this fold that separates, 
though incompletely, the superior 
portion of the abdominal cavity 
from the lower one. It is also the 
transverse mesocolon which estab- 
lishes the great anatomic division 
of peritonitis as supra- and infra- 
mesocolic. 

The mesentery of the jejunum and 
ileum is another partition equal to 
the one we have just described and 
divides, also incompletely, the 
lower abdomen. Indeed, the mesen- 
tery, extending from the left of the 
second lumbar vertebra to the right 
sacro-iliac articulation up to the 
ileo-cecal angle follows a more or 
lessoblique course from above below 
aud from left to right and divides 
the lower abdomen into two large 
segments — the right and left. 

It suffices to grasp the transverse 
colon with its mesentery and pull 
them outside to render them tense 
toneal cavity. The Foramen of Winslow (see and on the other hand to grasp the 
arrow) is the beginning of the omental j e j U num and ileum with their mes- 
enteries and also draw them outside 
clearly to demonstrate the division of the great abdominal cavity into 
two compartments : the superior or supramesocolic and the inferior or in- 
framesocolic. The latter is again subdivided into two parts— one, situ- 
ated above and to the right of the mesenteric partition which we call the 
right superior recess, and the other corresponding to the part inferior 
and left from the mentioned partition which we call the left inferior 
recess. Here are two compartments where circumscribed peritonitis 
may be established and in which natural drainage by gravity cannot 
be equally well established, because in the right, upper recess there is 
difficulty for evacuation on account of an impediment offered by the 
mesentery, so that it can gravitate only into the right iliac fossa and 
remain there; therefore, if it takes origin there, it will remain there or 
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spread above and beyond this fossa (peritonitis of appendicular origin, 
appendicular abscess) ; while in processes developed in the left inferior 
recess the contents easily drain into the pelvis and do not have a tend- 
ency to spread. Thus one can see that the gravity of peritonitis increases 
in proportion to our approach to thoraco-abdominal region (a region 
anatomically and clinically mixed; anatomically, because it contains 
abdominal and thoracic organs and clinically because peritoneal lesions 
here easily become complicated by cardio-pletiro-pulmonary processes). 

Omenia. There are three omenta: the great or gastro-colic; the small 
or gastro-hepatic and the third — gastrosplenopancreatic. 

The small omentum may be defined as gastric peritoneum stretching 
from the lesser curvature to the hilum of the liver. It divides the upper 
abdomen into three compartments: the right or the hepato-biliary; the 
left or gastrosplenic and the posterior which constitutes the posterior 
cavity of the omentum. The latter compartment forms a large peri- 
toneal sac stretched from the front backward and extending in width 
from the foramen of Winslow to the hilum of the spleen and at the height 
from the lesser curvature of the stomach and upper border of the first 
portion of the duodenum to the lobe of Spigelius. 

To this retroepiploic cavity belongs the foramen of Winslow which 
constitutes the opening into this cavity and in which the presence of 
the hepatic pedicle (a. hepatica, ductus choledochus and vena porta) is 
sufficient to explain the gravity of pyloroduodenal lesions when they 
originate from the posterior surface of these structures. Next to the 
foramen is situated the vestibule of the cavity which communicates by 
medium of the foramen bursae omentalis with the retrogastric portion 
of the lesser peritoneal cavity. 

The anatomic arrangement of this posterior compartment of the upper 
portion of the abdomen has an important relation to prognosis in rup- 
tures of the posterior gastric wall, as well as in pathologic processes de- 
veloping in this cavity, as they have a tendency to remain more or less 
silent, localized and protected, at least for some time. 

The great omentum is nothing else but a part of the posterior meso- 
gastrium secondarily fused with the transverse colon and its mesentery; 
it is a vast apron situated over the intestinal loops and beneath the 
parietal peritoneum. 

The definition that we have given to the great omentum enables us 
clearly to understand the manner of breaking up the fusion which the 
surgeon utilizes as an excellent route of access to the omental cavity. 

The gastrosplenopancreatic omentum is a union of gastrosplenic with 
pancreaticosplenic ligaments at the region of the hilum of the spleen. 
Therefore it is like an anatomic consolidation between these two omenta 
justifying the name of gastrosplenopancreatic omentum. 

As far as the peritoneal ligaments are concerned it is worth mention- 
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ing the suspensory ligament of the liver and the cystoduodenocolic liga- 
ment. The suspensory ligament of the liver which forms an incomplete 
partition between the lobes of the liver— the right and the left — sepa- 
rates the abscesses of one from the other side, and, therefore, it Is 
important to recognize its rdle as a barrier to transmigration of the 
hepatic accumulations from one lobe to another. As far as the cystoduo- 
denocoltc ligament is concerned, it is nothing else but a diverticulum of 
the small omentum, a prolongation of the same to the right. When it does 
exist, it does not produce pathologic processes sui generis unless when 
accidentally caused by inflammatory' conditions at the zone which ad- 
joins it, it becomes organized as fibrous cord which is capable of pro- 
ducing pathologic changes. 

Pelvic Peritoneum. In the pelvic peritoneum we also have parietal 
and visceral peritoneum, as well as folds built as ligaments or attach- 
ments. No omenta are present here. 

The parietal peritoneum of the pelvis covers all the walls of the cavity 
and is creased by subperitoneal pelvic tissue. 

In this subperitoneal pelvic space develop a series of anatomic struc- 
tures which in their turn become isolated as chambers or compartments 
by fibrovascular layers of the pelvis. The visceral pelvic peritoneum in 
man differs from that of a woman and forms partitions of the pelvic 
cavity. In man the serosa covers the posterior surface and the middle of 
the superior parts of the lateral sides of the bladder. After that it reflects 
over the pelvic portion of the rectum forming the base of the vesicorectal 
pouch — a suitable diverticulum for damming peritoueal exudates. 

In woman the uterus between the bladder and the rectum determines 
the formation of a base of the vesico-uterine sac in front and the recto- 
uterine sac of Douglas behind the uterus. On the other hand, from the 
posterior and inferior part of the uterus the peritoneum projects outside 
in the form of a fold to become attached to the sacrum as two semilunar 
folds — the folds of Douglas — which form the lateral boundaries of the 
base of the sac of the same name. 

From the lateral sides of the uterus emerge the broad ligaments which 
attach this organ to the lateral walls of the pelvic cavity. As a result, the 
pelvic cavity in a woman is divided into two large compartments: ante- 
rior, vesico-uterine and posterior or recto-uterine; the Douglas folds sub- 
divide the posterior into three compartments: a central or the base of 
Douglas’ pouch and two lateral, right and left, in whose bases are seen 
shining the ureters and the internal iliac vessels. 

It is not necessary to overemphasize the clinical importance of this 
topographic subdivision of the pelvis, because as a result of it there is a 
natural tendency of purulent accumulations to become localized or en- 
cysted, particularly because it concerns regions sloping from the general 
peritoneal cavity and in which the power of absorption is less, so that 
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these accumulations forge a passage in the direction of the vaginal or 
rectal cavities, thus producing spontaneous recovery of pelvic abscesses 
and phlegmons. 

For the same reason colpotomy acquires a preponderant r61e in pelvic 
surgery'. 

The last peritoneal fold left for us to describe is the ileo-pelvic meso- 
colon. Its parietal attachment resembles the letter S and contributes to 
division of the pelvic cavity into two compartments: the superior right 


Fin. 241. Ilcopclvic mesocolon; note the subdivision of the pelvis 
into superior and inferior compartment*. 

recess and inferior left recess, exactly in the same manner as the mesen- 
tery subdivides the abdominal cavity (Figs. 241, 242). 

The physiopathology of the peritoneum we emphasized in the course of 
its anatomic description. This great serosal structure has definite de- 
fensive properties, especially when it is irritated or infected. Here are 
formed adhesions of different degrees ranging from simple agglutination 
with a possibility of complete absorption to permanent, very strong and 
resistant ones, as a result of peritoneal fibrosis. These adhesions, which 
in some cases have a definite defensive r61e, may in other cases become 
transformed into fibrous bands, render the viscera impossible of exer- 





URGENT SURGERY 


C54 

cising tlieir physiologic excursions, leading to grave accidents as, for in- 
stance, intestinal obstruction. 

The reaction of the peritoneum to the microbes varies depending on 
the character of the latter, their degree of virulence, as well as the local 
conditions and general state of the patient. 

There are different ways by which microbes may affect the peritoneum 
— traumatic and non-traumatie. General!}-, we may say that pathologic 
reactions following peritonitis depend on many factors. 



Fir. 242. Schematic presentation of the superior and inferior 
compartments of the pelvis. 

The ability of absorption by the peritoneum increases in the acute 
and diminishes in the chronic processes. Reabsorption of inflammatory 
exudates is enhanced in the horizontal position and with movements of 
the bowel. 

In peritonitis due to trauma we may say that the body and the perito- 
neum are in a better defensive position than when previous visceral 
lesions existed, such as typhoid, appendicitis, peptic ulcer, tuberculosis, 
neoplasm, lues, in which the local region is already infected, and which 
produce repercussions during general well being and decidedly increase 
the gravity of the prognosis. 
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Vascularization and innervation of the peritoneum are richer in the 
visceral region which explains their influence *upon the general circula- 
tion and intestinal peristalsis in peritoneal inflammation. Paralytic ileus 
is due to paralysis of the nervous system of the intestine. 

We could not close this section of the physiopathology of the perito- 
neum without referring to its most important formation , namelj' the 
great omentum. The main and incontestable function of the great omen- 
tum is plastic and phagocytic. Omentum is fundamentally a lymphoid 
organ of defense which has a tendency to attach itself to alterated 
peritoneal points, be it perforation of a viscus, wound of the wall or of 
some inflammatory process. Omentum is utilized in surgery for perito- 
neal repair and many times its implantation into an opening produced 
by a rupture of a viscus may achieve a cure. In some cases, as in rupture 
of appendix, the omentum may spontaneously achieve in a manner more 
brilliant than that by the hand of the surgeon closure of the perforation, 
thus preventing diffusion of peritonitis with all its consequences. 

Anatomic and Physiopathologic Study of Perforations 

It seems logical that once having studied the peritoneum from a dual 
aspect, we should now consider its perforations, which will bring us to 
the clinical aspect of the problem. All abdominal organs may become 
the subject of the fatal accident of perforation (with its certain sequela 
of peritonitis), though not with the same frequency, such as the ap- 
pendix, stomach, duodenum, jejuno-ileum, colon, rectum, gallbladder, 
urinary bladder, uterus, tubes, ovary, to which we may add rupture 
of some types of hepatic abscesses into the free peritoneal cavity. 

Perforation is a grave abdominal condition which occurs relatively 
rarely in comparison with other acute abdominal conditions. Rupture 
may be due to traumatic and non-traumatic causes, but all will produce 
peritoneal syndromes which may differ in certain groups. For instance, 
a non-penetrating traumatic injury of the abdominal wall may occasion- 
ally produce a rupture of a hollow viscus, such as the stomach, intestine, 
urinary bladder, gallbladder, resulting in perforative peritonitis, the 
prognosis of which will depend on the injured viscus, the virulence of 
the contents that escaped through the rent, on the state of the viscus 
when rupture took place (full or empty) and on the time when surgical 
intervention took place. 

As far as ruptures of non-traumatic origin are concerned, we mention 
ulcers of peptic origin (gastro-duodenal, Meckel's diverticulum) and 
those produced by typhoid fever, neoplasms and by specific infections 
(tuberculous, luetic). Occasionally we encounter perforations which are 
neither of peptic origin nor specific in character (simple ulcers of the 
small bowel) without being able to determine their pathogenesis even 
after histopathologic examination. 
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Gastroduodenal Perforations. Here the most frequent type is per- 
foration of ulcerous origin, which may take place either during the course 
of an acute or a chronic ulcer. Gastric perforation presupposes dissolution 
of the continuity of all layers of the gastric wall from the mucosa to the 
serosa; this may take place at once in a violent manner or slowly by 
successive steps. Whatever the mode of perforation, it forms a pathologic 
complex of an infectious type (Duval) combined with mechanical factors. 

The site of perforation does not run parallel to that of the ulceration 
because ulcers that most frequently perforate are on the anterior or pos- 
terior Avail of the stomach in the vicinity of the pylorus, which in the 



Fio 213. The common locations of g&stro-duodena! 
perforations. Filled circJes indicate sites on anterior 
wall, empty circles those of posterior v. all. 


majority of cases opens into the free peritoneal cavity. The ulcers on 
the lesser curvature as well as those of the upper and lower borders of 
the pylorus rupture less frequently owing to the presence of omenta at 
the borders of the stomach, whose defensive r61c we already emphasized. 
Therefore, we can anatomically divide the gastroduodenal perforations 
into perforations of the poorly protected wall with a bad prognosis, and 
perforations at the curvatures close to omenta, as better defended and 
of a less grave prognosis (Fig. 243). 

Rupture of the posterior gastric wall faces the omental cavity for 
which reason it is less serious than rupture of the anterior wall, because 
in the former peritonitis does not spread early on account of the natural 
tendency of localization of the effusion. For this reason this type of pos- 
terior perforation gives a more or less obscure symptomatology, a silent 
one, which surgeons should keep in mind. Perforation of the posterior 
surface of the pylorus due to close relation of this organ to the hepatic 
pedicle is likely to aggravate the prognosis of peritonitis. 

As far as perforations along the curvatures are concerned we can say 
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that though the prognosis is less grave on account of the proximity of 
the omenta, they may nevertheless produce grave hemorrhages and 
damage to the extrinsic nerves of the stomach, because along these cur- 
vatures run the vessels which supply blood to the stomach and the main 
nerves of Latarjct. 

As far as duodenal ulcers are concerned, they are preferably located 
on the anterior surface and their relation to the liver and pancreas ex- 
plains the defensive role that these organs may exercise upon the course 
of duodenal perforation (masked perforation). The posterior relation of 
the first portion of the duodenum (the most frequent seat of ulcers, ex- 
plainable by anatomic and physiopathologic considerations) to the 
hepatic artery and vena porta aggravates the prognosis of retroperitoneal 
perforations of the first portion of the duodenum. While discussing gas- 
troduodenal perforations it is necessary to speak also of recurrent per- 
forations, which is most convincing proof of the persistence of ulcerous 
disease. It may be either a reperforation of the old ulcer or of a new 
local lesion. The possibility of its occurrence necessitates a gastrectomy 
at some future date. 

Intestinal Perforations. Here we meet perforations of different 
etiology which in the order of frequency are: traumatic, typhoid, neo- 
plastic, tuberculous, luetic and simple ulcerous; the latter being most 
frequently observed in the small bowel. We also may add Crohn’s dis- 
ease or regional ileitis, which is a more anatomico-pathologic than a clini- 
cal entity, but which can manifest its presence by becoming perforated. 
Meckel’s diverticulum, if present, may also perforate with ensuing peri- 
tonitis. 

Traumatic rupture most frequently is caused by blows on the ab- 
domen; it can also be produced by foreign bodies which entered per vias 
nalurales and even by gallstones. To this group belong also perforations 
produced by intestinal parasites. 

Traumatic perforations occur more often in the small bowel, because 
it is the most exposed and most superficially situated portion within the 
abdomen. Its considerable length and liquid contents render it prone to 
yield, when an outside force acts with a definite intensity over the ab- 
dominal wall. There is no direct relationship between the intensity of 
trauma and the gravity of the visceral lesion. In general the order of 
frequency of the affected viscera is the following: the middle portion of 
the small bowel; its superior portion; its inferior portions, the colon, 
duodenum, cecum and iliac sigmoid. It should not be forgotten that the 
mechanism of production of this type of perforation is always mechanical 
and may produce multiple lesions. 

As far as the type of perforation is concerned it may be variable: a 
transverse partial section, including the mesentery, complete circular 
section and sometimes an incomplete rupture producing herniation of 
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the mucosa through the seromuscular layer. Usually the site of rupture 
is in the antimesenteric border of the bowel. 

Perforations due to typhoid fever constitute a grave complication and 
occur in 3 per cent of all cases, appearing at any stage of the disease. 
This perforation, due to involvement of the wall by a specific process, is 
of obscure and dramatic symptom atology. It may occur in the course of 
ambulatory typhoid fever. In order to understand the mechanism of 
these perforations, it is necessary to recall the anatomo-pathologic type 
that Eberthian infection produces at the site which it involves, namely 
at the distal portion of the small bowel. The three phases of the affection 
are infiltration, ulceration and restitution. Occasionally, the third phase 
does not take place and in its stead perforation occurs with acute peri- 
tonitis as its sequela. Perforations of typhoid ulcers usually are observed 
at the vicinity of the free border of the small bowel, most frequently in 
the ileum, because there are situated most of Pcyer’s patches. The perfo- 
ration may be single or multiple, of a small diameter, occasionally only 
of pin-point size; at times the ulcers have a crater-like appearance and in 
most of the cases they start from the mucosa and reach the serosa, 
though in exceptional cases the process goes in the opposite direction 
starting from the serosa to the mucosa (suppuration of the mesenteric 
glands in the course of typhoid fever). 

Perforation of a neoplasm is rare and observed in the infiltrating type. 
We may observe it in the stomach, duodenum, small and large bowel, 
gallbladder, and so on. The anatomic tjT>e of these perforations varies, 
depending on the affected viscus and the nature of the neoplasm. The 
perforation may present a picture of “acute abdomen” and the perfo- 
ration has a tortuous, irregular, excavating appearance. In the stomach 
the most frequent site is the pylorus because there the neoplastic process 
is most often encountered. Gastric carcinoma extremely rarely invades 
the duodenum; this can be explained bj’ change of structure at the py- 
loroduodenal junction and the arrangement of the lymphatic vessels in 
this region. Epithelioma develops quite frequently in the large bowel; it 
is of the infiltrating typ e and occasionally perforates. 

Sarcoma, if it occurs at all, affects the small bowel (primitive tumors). 
The prognosis in all cases of perforation of neoplasms is grave and many 
times perforation is the first symptom of an otherwise silent course of 
growth. 

Tuberculous perforations usually occur in the terminal portion of the 
ileum at the region of Peyer’s patches. They are very rate and, owing to 
the formation of adhesions prior to perforation, peritonitis is localized, 
somewhat resembling peritonitis due to neoplastic perforations. If a 
tuberculous lesion affects the large bowel it has a predilection for the 
cecum, including the appendix, the ileo-cecal junction, ascending or de- 
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scending colon and the sigmoid. The prognosis of intestinal perforations 
of tuberculous origin is always very grave. 

Luetic perforations are very rare; they are observed in the tertiary 
period as a result of ulcerations in the cecum or colon and also as a se- 
quela of the softening of a gumma. They may also be observed in the 
secondary stage. The prognosis of peritonitis produced by this type is 
not as grave as in the tuberculous group, because here the specific cause 
of the disease can be eliminated by proper treatment. 

Perforation of simple ulcers occurs most frequently in the small bowel. 
The pathogenesis of this lesion is obscure, the symptoms prior to perfo- 
ration are few and the diagnosis, therefore, is very difficult. This lesion 
usually is revealed after perforation has taken place. The ulcer usually is 
single, more frequently in men and occurs either in the first jejunal or in 
the last ileal loop (65 per cent). Its localization is frequently at the anti- 
mesenteric border of the bowel. 

In this group we may also include regional ileitis and sigmoiditis, 
which also may perforate. At any rate, there is a group of acute perito- 
nitis, more or less generalized, produced by perforations by no specific 
agents and which occur without any evident cause giving an unmistak- 
able clinical picture without any histologic changes. 

We have left to the last consideration of intestinal perforations pro- 
duced by amebiasis. The intestinal lesion in amebiasis is usually ob- 
served in the large bowel (particularly in the rectum), though in excep- 
tional cases it may be seen in the terminal ileum. In the vermiform 
appendix one may enoounter perforative ulcerations with ensuing peri- 
tonitis. 

Ordinarily the omentum adheres to the bowel by a plastic exudate, 
thus producing small abscesses. In some cases perforation goes not only 
through the serosa of the bowel, but also through the omentum, thus 
producing generalized peritonitis. The type of perforation under discus- 
sion occurs with some frequency during the acute or chronic course of 
amebic dysentery. It usually results from ulceration of the cecum, sig- 
moid, rectum or even the appendix. The prognosis of this type of peri- 
tonitis is very grave. 

The group of hepalo-biliary perforations brings us to study the liver 
abscesses perforating into the free peritoneal cavity with ensuing general 
peritonitis, as well as perforations of the gallbladder, which are more 
frequent and of varied etiology. Rupture of the hepatic abscess into the 
free peritoneal cavity is observed from time to time. The peritonitis 
produced gives a grave prognosis, because in many cases it is difficult 
to diagnose it and the true cause of peritonitis is found only on autopsy. 

Perforation of the gallbladder is very serious, in spite of the fact that 
many consider the escaped bile to have bactericidal properties which 
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lessen danger. The gallbladder may rupture from such various causes 
as trauma or specific infections, such as typhoid fever. Between these 
two extremes we may group perforations due to stones, those that ensue 
in the course of acute and gangrenous cholecystitis; those which occur 
through torsion of the gallbladder; ruptures due to neoplastic changes 
in the wall and even biliary peritonitis without perforation. 

Perforation of the gallbladder apart from the traumatic form, may 
also be of infectious or mechanical origin. The virulence of the germs in 
the bile determines the prognosis in peritonitis. The rupture usually is 
single and its seat is either in the fundus or in the neck (both these parts 
are most frequently exposed to pathologic changes) usually in their 
inferior surface. The rupture may occur as a result not only of severe, 
but also of mild infections of the gallbladder. 

The relation of the gallbladder to the transverse colon, duodenum and 
pylorus explains the possibility of adhesions between these structures in 
the process of development of cholecystitis before rupture takes place; 
for this reason many times we don’t observe general peritonitis after 
perforations. The gallbladder may perforate into the retroperitoneal 
cavity, though this is exceptionally rare. 

Peritonitis duo to perforation of the female genital tract is relatively 
frequent. Rupture of a tubo-ovarian abscess or of a tube only (as in 
pyosalpinx) is observed nearly always in patients with a previous history 
of gynecologic disorder. Perforation of the uterus as a result of criminal 
abortion is unfortunately still too frequent. It may become complicated 
by intestinal perforation, thus making it a double perforation of trau- 
matic origin with a very grave prognosis. Sometimes this may occur not 
as a result of abortion but in the course of a diagnostic or therapeutic 
currettage. This, however, is rare and if done by an experienced surgeon 
in an aseptic environment the prognosis is not so grave. Intestinal perfo- 
ration through the uterus may be single or multiple and may be compli- 
cated by injury of the mesenteric blood vessels. 

Rupture of the urinary bladder, usually of traumatic origin, has to be 
mentioned separately because the anatomic condition of this organ in 
the pelvic cavity and its relation to the peritoneum will produce a dif- 
ferent clinical picture depending on whether the rupture was intraperito- 
neal or extraperitoneal. In the former immediate intervention is impera- 
tive, as peritonitis starts rapidly; in the latter, the leakage of urine takes 
place into prevesical cellular tissue which is separated from the general 
peritoneal cavity. But even then, in spite of the fact that the picture does 
not look alarming, urinary infiltration of the cellular tissue of the pelvis 
with subsequent peritoneal irritation is a grave complication. 

Rupture of the appendix. We are dealing now with the most frequent 
type of sub-diaphragmatic perforations of the digestive tract. It consti- 
tutes a grave accident in the course of acute appendicitis, and it may 
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occur at any moment of its course. Perforation of the appendix may be 
single or multiple and usually is due to deep necrotic lesions. In its path- 
ogenesis two factors are involved, the infectious and the mechanical (the 
abuse of cathartics is more or less the determining factor). It is known 
the preponderant r61c of b. coli in the pathology of intestines and its 
association with the group of anaerobes (particularly in the course of 
acute appendicitis) and whose study was accomplished in the last few 
years showing the presence of b. perfringens — Clostridium welchii — 
which is the most dreadful on account of the rapidity with which it 
penetrates the intestinal wall, vibrio septicus and gas bacillus. This 
study contributed greatly to lessening the gravity of the prognosis of 
gangrenous appendicitis with subsequent peritonitis through application 
of anti-anaerobic serotherapy and penicillin. In the study of appendicu- 
lar perforation we should mention the r61e the Eberth bacillus may play. 
We believe that the appendix contains the very same conditions present 
in the region of the terminal ileum, namely abundant lymphoid tissue 
which may present the same specific anatomico-pathologic lesions, such 
as infiltration, ulceration and perforation. In other words, we may ob- 
serve in the region of the appendix characteristic lesions of typhoid in- 
fection. We personally have observed a case of acute ulcerative appendi- 
citis resulting in a perforation histologic study of which showed a 
characteristically typhoid lesion. The seat of perforation in the order of 
frequency is the tip, body and the appendiculo-cecal junction, the latter 
often occurring with perforations of the cecum. As far as the shape and 
size of perforation and the prognosis of peritonitis are concerned, they 
vary according to the general morphology of the appendix, its size, fixa- 
tion, direction, virulence of the bacteria, resistance of the patient and 
time of surgical intervention. 

Other causes of appendicular perforation are tuberculosis, actinomy- 
cosis and amebiasis, as already mentioned above. 

CLINICAL STUDY 

Perforative peritonitis forms an important group of acute abdominal 
affections and presents the surgeon a rather analogous group of symp- 
toms, so that we are fairly justified in saying that the clinical manifesta- 
tions are nearly always identical varying only in their causes. 

Clinical study comprises symptomatology, differential diagnosis and 
treatment, the latter ^including also preoperative and postoperative 
management. 

Symptomatology 

Severe pain and rigidity are always initial symptoms. Later appear 
shock, vomitus, and so on, which supplement this disturbing picture. 

Pain is the initial symptom. At times it alone enables us to make the 
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diagnosis. It is acute, intense, and at the beginning definitely localized. 
This symptom of localized pain abates after a few hours due to involve- 
ment of the peritoneum, but carefully examining the patient ive still can 
find the place of maximum tenderness. However, this symptom may 
become misleading if we are first called to see the patient after he was 
given morphine. When we see such kind of a picture w e may suspect 
perforation. However, that is the time to remember, that it is essential to 
exclude the presence of a lesion of the chest or of the nervous system 
such as angina pectoris, pneumothorax, pneumonia, pleurisy or tabetic 
gastric crisis, which may give a similar picture of “acute abdomen.” We 
have to utilize the diagnostic procedures, such as radiography, radio- 
scopy, urine and blood examination. Thus, presence of air in the free 
peritoneal cavity shows a gastro-intestinal perforation; effusions into 
the great peritoneal cavity are recognized by separation and arcuate 
arrangement of the intestinal shadow. Effusions taking place in the 
epiploic cavity are manifested by deformity of the greater curvature of 
the stomach, due to its compression. Cholecystography as well as urog- 
raphy offer us great help in the interpretation of acute abdominal condi- 
tions. Peritonitis appears as an immediate sequela of perforation. This 
is produced by effusion of irritating fluids into the peritoneal cavity. 
The effusion accumulates at the beginning around the perforation and 
later extends along the distinct compartments of the peritoneal canty 
we have already discussed. The pancreatic, gastric and intestinal juices 
arc very irritating. In order of severity of irritation they are followed by 
bile (choleperitonitis without visible perforation of the biliary passages) 
and urine. Less irritant are blood, chyle and mucus. 

Contact of these irritant fluids with the peritoneum produces hyper- 
esthesia and rigidity of the anterior abdominal wall (which is not the 
case with the posterior vail), clearly demonstrating peritonitis, that 
may become generalized. In the meantime the respiration becomes 
thoracic followed later by dyspnea. 

If the fluid accumulates in the pelvis, Douglas’ pouch become* very 
tender, accompanied by contraction of the pelvic floor, which can be 
detected by rectal examination. 

We have already described two cardinal symptoms of perforative 
peritonitis: pain and rigidity — the former as sequela of perforation and 
the latter of peritonitis. 

In addition should be mentioned other symptoms: vomiting, which 
is neither constant nor characteristic. On the contrary, nausea is always 
present (Murphy). Shock, the result of intense irritation of the peri- 
toneum, is manifested by arterial hypotension, accelerated pul*e, pale- 
ness, cold sweats and restlessness. It is now accepted that in cases of 
visceral perforations there always exists a general vascular paralysis 
particularly of the capillaries and arterioles as the real cause of shock. 
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It lias to be stated that in perforations of the viscera shock is not an 
initial symptoms, but appears sometimes later, coincidental with the 
spreading of the peritonitic exudate. 

This is the general symptomatology of peritonitis produced by per- 
forated lesions of the viscera which may be applied to all cases. 

Diagnosis and Treatment 

We shall now discuss the diagnosis and treatment. We refer especially 
to non-penetrating traumatic perforations of the viscera in the ab- 
dominal cavity; to perforations of gastroduodenal ulcers; typhoid per- 
forations; perforations of the gallbladder and of the appendix, though 
in the first part of this article while discussing other causes of perforative 
peritonis, we drew some conclusions of a clinical character. Accompany- 
ing the differential diagnosis we will outline the treatment in each par- 
ticular case, including preoperative and postoperative management. 

Perforations Due to Trauma of the Abdomen. We refer here only 
to perforations of hollow viscera. We already spoke of general symptoms 
(pain and rigidity) which, with a history of trauma, suffice to make the 
diagnosis and to consider surgical intervention because of the great 
danger of this type of trauma causing infectious peritonitis. The lower 
the place of rupture and the larger the amount of fluid escaped, the 
more rapidly peritonitis sets in. Free gas in the abdomen is common in 
all cases of rupture of air-containing viscera, which is possible to estab- 
lish by a flat x-ray plate. 

Traumatic perforation produces profound shock which manifests it- 
self by a drop in the peripheral circulation, paleness, feeling of cold, 
vomit us, and the like. 

Treatment of this class of perforations is surgical. The conduct to be 
followed is not to hesitate and wait until the trauma produces a clinical 
picture of “acute abdomen”; dilatory measures and waiting for acute 
symptoms means only to lose the opportunity to save the patient. Natu- 
rally, there may be cases in which the peritoneal syndrome appears late 
and silently. It is only in these cases that watchful waiting is indicated. 
We repeat that in the greatest majority of cases of perforation severe 
pain and muscular rigidity facilitate the diagnosis. Surgical intervention 
should be preceded by preoperative management, directed to combat the 
shock and consists of administering plasma, normal salt solution, glu- 
cose, adrenaline, caffeine. Blood transfusion may be employed before 
or after operation according to circumstances. 

Gastroduodenal Perforations. We will discuss especially those 
produced by ulcerative lesions. From our personal statistics, comprising 
a fairly large number, we may draw the following conclusion. Three fac- 
tors are worth consideration, namely age, sex and the presence of gastric 
symptoms previous to the accident. As regards sex, we had not a single 
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case which occurred in a woman, and this concurs with the statistics of 
others. With respect to age, except the rare cases of perforation at the 
extremes of life (before IS and after 00 years), I have to say that this 
accident occurred at any age. 

As far as presence of gastric disturbances prior to perforation is con- 
cerned, I have to say that I always found a history of digestive disturb- 
ance, such as dyspepsia, hyperchlorhydria and so on, more or less ac- 
centuated. I did not observe it in duodenal lesions, in which case, having 
a picture of perforation in the upper abdomen, absence of preceding 
gastric symptoms may serve as a possibility of a perforated duodena! 
ulcer. 

As far as the diagnosis of perforation is concerned, we think that 
with careful observation of each case, the two cardinal symptoms pro- 
nounced, such as severe pain, localized first in the epigastric region, and 
later spreading into the right iliac fossa and at times into the entire 
lower portion of the abdomen and followed by muscular rigidity, suf- 
fice to make the diagnosis. 

Disappearance of the hepatic dullness I have observed frequently. It 
has its importance. The differential diagnosis from acute perforative 
cholecystitis is based on the site of the pain, because in the latter it is 
localized in the right hypochondrium, with radiation into the shoulder 
of the same side and with maximum rigidity at the same place. 

The differential diagnosis from hemorrhagic pancreatitis is more diffi- 
cult, rendering it necessary to resort from time to time to determination 
of the diastase in the urine and even to x-ray. If a few hours elapsed since 
the accident, the differential diagnosis from acute perforated appendi- 
citis may become difficult. We can say that every surgeon made this 
error, because escape of the contents from the perforated ulcer into the 
right iliac fossa perfectly simulated a perforated appendix. Therefore, 
one should not forget to carefully ask the patient to determine the site 
of the greatest intensity of the pain, because in ulcer this is observed at 
the region of the epigastrium. 

The treatment is surgical. But what kind of intervention should be em- 
ployed? This is a problem which even now is not settled by surgeons. 
Three methods are employed: first, simple suture or invagination with 
or without gastroenterostomy; second, excision of the ulcer or its cau- 
terization followed by closure; and third, gastrectomy. One thing is ac- 
cepted by every one and that is early intervention. 

We are in favor of simple suture or invagination followed by re- 
inforcing with omentum, because we consider that for a patient who 
sustained a ga**tro-infestinal perforation all that is necessary, all that 
is required, is to elo^e the opening, which permits the escape of 
gastroduodenal content** and brings about fatal peritonitis. Suture 
should be done in two layers, followed by epiploplnsty (Fig. 244). In 
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cases in which closure is impossible on account of local conditions of the 
tissues, we are content with simple closure with omentum. Gastrectomy 
in our opinion is dangerous for such cases not only on account of the 
general condition of the patient, but also because the operative field is 



Fir. 244. Jlcpair of a perforated ulcer. A. Simple occulsion; first layer of sutures. 
B. Simple occlusion; second layer of sutures C Simple occlusion reinforced by omen- 
topexy. 


contaminated even if the operation is done within the first six hours. By 
the same token we should be not eager to perform gastroenterostomy, 
unless it becomes a necessity. We think, therefore, that the infectious 
condition due to perforation is a contraindication to any prolonged oper- 
ation. There is a general opinion to which we also subscribe, that acute 
gastroduodenal perforations after six hours have a grave prognostic out- 
look. As far as drainage is concerned we always place a small cigarette 
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drain in the vicinity of the legion and in exceptional cases resort to 
suprapubic drainage. 

As preoperative treatment we employ the same methods as in trau- 
matic ruptures. Following the operation we administer glucose, cardiac 
stimulants and in some cases antiperitonitic serum — all with good re- 
sults. Equally, blood transfusion is indicated. Very often we place our 
patients in Fowler’s position. It is nece.-sary to mention that this group 
of peritonitis may be accompanied by postoperative complications of a 
cardio-pulmonary nature, by leukocytosis and positive intradermal reac- 
tions for the bacteria of the cntero-streptococcic group. 

Typhoid Perforations. The diagnosis of intestinal perforation in the 
course of typhoid fever is occasionally difficult. Generally we can say, 
that the two cardinal symptoms of gastroduodenal perforation are pres- 
ent also here, though not with the same clarity and exactness. Therefore, 
in some cases the diagnosis is clear, in others we arrive at it only when 
there is general peritonitis and when surgical intervention is already 
late. 

For this reason, typhoid fever patients should be watched by a sur- 
geon as well as by an internist. Typhoid fever should be looked upon as 
a medico-surgical entity on account of its irregular course and possible 
complications. Therefore, in cases with a highly toxic course we have 
carefully to watch symptoms of pain and circumscribed rigidity, be- 
cause these two symptoms are always early ones and may signify that 
perforation may take place at any moment. 

The symptom of sudden drop of temperature does not have the sig- 
nificance that some liked to assign to it. To pain and rigidity ore added 
other symptoms which reveal peritonitis. 

AYe should not forget the possibility of another complication during 
the course of typhoid which develops in the abdomen and may be con- 
fused with intestinal perforation of ileum. I refer to perforated typhoid 
ulcer of the appendix. Other acute abdominal conditions which may 
appear in the course of typhoid are acute pancreatitis, acute intestinal 
obstruction, perforative cholecystitis, mesenteric thrombosis and in- 
testinal hemorrhage. TYe should not forget that these conditions 
whenever suspected should be treated surgically. Accordingly, even a 
diagnostic error in such cases would be salutary for the patient, because 
early laparotomy is the most urgent indication in such cases. 

As far as treatment is concerned, the preoperative management is the 
same as that for other causes of perforation. The operative measures 
consist of simple suture; or suture following previous excision ; or of clo- 
sure with omentum or adjoining mesentery; or of resection of the bowel, 
or of enterostomy and, finally, exteriorization of the loop. 

In our personal statistic we had seven cases of perforation of the 
ileum and one of the appendix. Except the last one, which was removed 
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and then only diagnosed microscopically as perforated t yphoid ulcer of 
the appendix by Professor Hoffman (to whom we are indebted for the 
nnatomico-pathologic study of all our cases of perforation of the gastro- 
intestinal tract), in all our cases we employed simple suture in two lay- 
ers, with excellent results. Therefore, we consider this method as very 
simple and rational, remaining loyal to certain fundamental principles 
in urgent surgery, to wit: the best methods are the simple ones; to 
adjust the operative procedure to the condition of the patient; to search 
for the cause which produced the condition; to traumatize as little as 
possible so as not to aggravate already existing shock. In other words, 
all this can be condensed in one phrase enunciated by Murphy, par- 
ticularly for cases of “acute abdomen”- — “to get in quick and get out 
still quicker.” 

Some surgeons give preference to enterostomy, which, according to 
Witzel’s method, is simple and can be done rapidly. In these ca*>es we 
give the patients adequate preoperative and postoperative treatment, 
not neglecting anything in treatment of the original disease. 

The prognosis of this type of perforation is very grave; it is not the 
same whether perforation takes place in the first days of the disease or 
when the sickness reaches its greatest gravity, as when it occurs in the 
third week of typhoid fever, because in the first case the patient still 
has enough defensive power, reacts better, which in its turn is demon- 
strated by the fact that perforation is manifested by symptoms usual 
for such a condition, namely a violent, acute course and easy diagnosis. 
However, when the patient is already exhausted, depressed, dehydrated, 
when his defensive powers arc dwindled and perforation then takes 
place, the symptoms are obscure and the prognosis is dubious. The clini- 
cal form of the infection will influence the prognosis of perforation. 
Multiple perforations, which occasionally may pass unnoticed, as well 
as the possibility of appearance of new ones greatly increase the gravity 
of the condition. 

Peritonitis Due to Perforation of the Gallbladder. It may be 
observed, as we already mentioned, in the course of cholecystitis or 
cholelithiasis, acute catarrhal or gangrenous inflammation; it occurs 
at any age and preferably in women. Nearly always there is a history 
pointing to disease of the gallbladder and occasionally of acid dyspepsia 
which facilitates the diagnosis. Perforation in these patients may be 
confused with acute biliary colic. How’ever, in perforation the pain is 
greater, being first localized in the region of the gallbladder and later 
generalized, predominating in the right iliac fossa. That is the reason 
why this affection is often mistaken for acute perforated appendicitis. 
Nevertheless, taking carefully the previous history of the patients point- 
ing to the presence of stones, the intensity of the symptoms, particularly 
pain and its localization, will help to establish the differential diag- 
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noris of this type of peritonitis from other types encountered in acute 
abdominal conditions. The prognosis of this type of peritonitis is very 
grave and depends chiefly on early intervention. 

Treatment is surgical and we prefer cholecystectomy as the operation 
of choice. However, exceptional circumstances may force us to employ 
simple cholccystostomy. As far as preoperative and postoperative treat- 
ment is concerned, it is the same as for perforation due to other causes. 
Glucose with or without insulin, liver preparations and so on find here 
their natural indication. 

Biliary peritonitis without actual gallbladder perforation 
has been interpreted differently. Necrosis of the gallbladder wall has 
been attributed bj r some to a return flow of pancreatic juice or duodenal 
contents through the ampulla of Vater. In the first case there will be 
spasm of Oddi’s sphincter, in the second case relaxation of the same. 

This condition starts with a picture of acute cholecystitis and when the 
pain reaches the right iliac fossa, one ma}- mistake it for acute appendi- 
citis. One does not think of biliary peritonitis due to perforation because 
in this case there is absent the initial violent attack of pain, because the 
irritation of the peritoneum by bile is progressing slow ly. Nevertheless, 
careful observation of each case, persistence of the symptoms and their 
accentuation, the toxic state of the patient with a tendency of collapse, 
will help us greatly to decide on only one type of treatment and that 
is surgical. Fortunately, this type of lesion occurs exceptionally rarely. 
With reference as to how to proceed, the statistics show that cholecys- 
tectomy is the best method. While treating biliary peritonitis one should 
not forget that it may be due to perforation of the common bile duct, 
though this is extremely rare. If such is the case, it is due to perfora- 
tion by a stone and the symptoms are identical with those of per- 
forated gallbladder. The urgent intervention consists of extracting the 
stone or stones and drainage of the duct by a T-tube or placing a 
catheter into the upper part of the same duct. 

Perforated Appendicitis. This is the most common type of perfor- 
ation of the viscera and constitutes 95 per cent of all perforations. 
Denver said: "Acute abdomen in the absence o! an abdominal scar 
should make us think first, last and always of appendicitis.” There is a 
great frequency of perforated appendicitis in Cuba, particularly among 
the Spanish element. Its frequency is so great that we had an opportu- 
nity to operate in a single day five such cases. As far as age and sex are 
concerned we observe the greatest number between 20 and 30 years and 
especially in men. 

We also observed nearly always that the patients are constipated and 
many times we found in the lumen of the appendix parasites, particu- 
larly trichocephalus. This was verified by systematic anatomico-patho- 
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logic examinations. In exceptional cases we also had amoeba histolytica, 
occasionally mixed forms of amoebae are encountered. 

The diagnosis of perforated appendicitis requires first the establish- 
ment of the diagnosis of appendicitis and then of perforation. To prove 
the first point is occasionally difficult. So far as the second problem is con- 
cerned, it is easier but of lesser importance, because all cases of acute 
appendicitis require immediate surgical intervention. Under such con- 
sideration it is of no importance to try to diagnose precisely whether 
or not there is a perforation. 

There are many conditions which may obscure the diagnosis of acute 
appendicitis. 

Suffice it to say, that it will be necessary to differentiate it from all 
lesions of an “acute abdomen”: acute cholecystitis, acute gastrointes- 
tinal affections, intestinal obstruction, Meckel’s diverticulum, typhoid 
perforations, and from pneumonia, pleurisy, disorders of the genito- 
urinary tract (uterus, adnexa, pelvic cellulitis, etc.) and extrauterine 
pregnancy. 

As far as the diagnosis of perforated appendix is concerned, this mani- 
fests itself either as a localized type or one perforating into the free 
peritoneal cavity. It manifests itself by violent pain, which later abates, 
and an accelerated pulse. Frequently the patient has a severe chill, acute 
pain and generalized rigidity of the abdominal wall with the maximum 
intensity at the right iliac fossa. In other cases perforation of the ap- 
pendix is manifested from the beginning by symptoms of diffuse peri- 
tonitis. 

The prognosis of perforated appendicitis is less grave than peritonitis 
of other origin. Here, as in all other cases, the time element is of greatest 
importance. The prognosis also varies, depending on whether perfora- 
tion was localized or ruptured into the free peritoneal cavity, the position 
and direction of the appendix, and so on. 

Treatment should be nothing else but surgical. The preoperative meas- 
ures consist of increasing the strength of the patient, treating the shock, 
and so on, by injections of fluids, simple or to which is added adrenalin, 
of cardiac stimulants, of blood transfusion in small quantities and even 
of antiperitoneal serum. Sulfa drugs and penicillin are of greatest benefit. 
Removal of the appendix is an ideal procedure and we say it because 
there are cases, though exceptionally rare, in which we limit our action 
to drainage of the region, especially in circumscribed peritonitis. As soon 
as the appendix is removed we place a cellophane drain; at times we 
employ a Mikulicz tampon which saved us many patients. We also 
employ systematically polyvalent antiperitonitic serum parenterally and 
into the abdominal cavity through a drainage opening and we have to 
confess that our statistics in perforated appendicitis with followingperi- 
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tonitis arc really gratifying. With the use of the serum the temperature 
drop's immediately; intoxication clears up. With the scrum we use a 
great amount of normal salt solution and glucose, Fowler’s position, 
cardiac stimulants and blood transfusions. 

As a supplement to postoperative treatment in peritonitis due to per- 
foration in general we have to mention the great help afforded by con- 
tinuous drainage of duodenal contents by Wangensteen’s method. We 
always employ it when obstructive symptoms are present. It is used for 
hours or days and affords prophylactic and curative treatment of paresis 
of the intestinal wall due to peritonitis. We also use morphin in small re- 
peated doses, which increases the intestinal tonus and prevents its over- 
distention. The use of hypertonic solutions intravenously is recom- 
mended. 

As a general conclusion we may say that from the clinical study of 
peritonitis due to perforation we can clearly see that it should be in- 
cluded into the group of lesions of “acute abdomen.” Taking into ac- 
count the general symptomatology we have described with the two 
cardinal symptoms — pain and rigidity — it is essential to establish the 
differential diagnosis. We wish to say that it is necessary to rely upon 
clinical signs and not to delay any time for laboratory tests which are 
only auxiliary diagnostic means. 

As far as treatment of peritonitis due to perforation is concerned we 
can say that the method of actual operation depends on the type of 
visceral perforation and on circumstances. In all cases we follow the 
preoperative and postoperative management according to the enunci- 
ated rules and, finally, we plead for early intervention as the only means 
for reducing, as far as possible, the somber prognosis of this type of le- 
sions. 
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Non-perforative Peritonitis 

By Julius L. Spivack 

In most cases peritonitis is due to contamination from a ruptured 
viscus, and has been discussed in the chapters on perforative peritonitis 
and surgery of the gall bladder. In some cases it is a late sequel of in- 
testinal obstruction or of mesenteric thrombosis. However, in some rare 
cases it occurs through hematogenous or lymphogenous dissemination 
or spreading by continuity. In this chapter we shall discuss peritonitis 
of non-perforating origin. 

Peritonitis is inflammation of peritoneum, which is characterized by 
various local and general manifestations. Depending on the extent of the 
inflammation peritonitis may be localized or generalized; on the degree 
of inflammation — acute or chronic; on the causative factor — bacterial 
or chemical; and on the source of infection — primary or secondary. 

Peritonitis usually presents three stages: 

The first stage lasts a few to twenty-four hours. At this stage there is 
a moderate elevation of the temperature of one to two degrees, moderate 
increase in the pulse rate up to 100, moderate pain, tenderness and 
muscular rigidity. There is moderate leukocytosis, slight drop in the 
systolic pressure, while the diastolic remains normal. This stage is very 
often masked by symptoms of the disease which produced peritonitis 
and, therefore, is easily overlooked. If the source of inflammation has 
been checked by surgical intervention or spontaneously the disease may 
terminate in recovery at this stage. If, however, the growth of the 
microorganisms continues and the defense mechanism is unable to check 
it, the second stage takes place. 

Second stage. This lasts from twelve to seventy-two hours, depending 
on the virulence of the bacteria and the effectiveness of the bodily de- 
fensive mechanism. It is characterized by multiplication of bacteria, 
stagnation of blood in the capillaries of the peritoneum with ensuing 
thrombosis. Peritoneal exudate is seen in a moderate amount. 

Clinically, the symptoms are manifested by nausea, vomiting, in- 
creased abdominal pain, muscular tenderness and rigidity. The tem- 
perature reaches up to 102 C F., the pulse is disproportionately rapid, the 
respirations become shallow. Albuminuria is present, some red blood 
cells are in the urine and the leukocyte count varies between 15,000 to 
30,000. Even in this stage recovery may take place after appropriate 
surgical or chemotherapeutic measures. If, however, no resolution occurs 
the peritonitis enters into the third or final stage. 

671 
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Third stage. Pathologically it is characterized by an abundant exudate 
in which is found an enormous amount of bacteria; the blood capillaries 
arc markedly dilated and thrombosed. 

Clinically, the patient is toxic; the pulse is fast and irregular; the 
respiration is fast, shallow and labored. Oliguria or even anuria may 
take place. The temperature may rise to 105°-10G°F.; the pulse rate to 
1G0 and beyond so that it can no longer be counted. The systolic blood 
pressure drops, while diastolic is lowered very little, if at all. This stage 
lasts from twelve to seventy-two hours-. Death usually is due to toxemia, 
myocardial insufficiency, anuria or cerebral edema. 

Treatment of peritoneal infection can be grouped into two categories: 

1. Destruction of the injurious agents by chemical agents, or with- 
drawal of thc e e injurious materials by surgical means, drainage and 
the like; 

2. Enhancement of the natural body resistance by the introduction 
of blood, plasma, glucose, normal salt solution. 

We have presented a general outline of the symptoms and the treat- 
ment of peritonitis in the acute stage irrespective of the cause. However, 
there are rare types of peritonitis, which may vary in details from this 
outline both in their symptomatology and treatment. 

Bile Peritonitis 

This has been discussed in the chapter on “Urgent Surgery of the 
Liver." 

Tuberculous Peritonitis 

Etiology. Incidence. Tuberculous peritonitis with clinical manifes- 
tations occurs in about 0.5 per cent of all individuals afflicted with 
tuberculosis. However, on autopsies signs of tuberculous peritonitis are 
found in about four per cent of all tuberculous patients. In other words, 
in many cases there is tubercular involvement of the peritoneum which 
does not manifest any clinical symptoms and remains unrecognized. In 
most of the cases tuberculous peritonitis i> secondary to some primary 
focus of infection ; it is extremely rare as a truly primary infection. 

Age. It occurs most frequently in the third decade. 

Sex. Clinically there is a female preponderance over the male, the 
ratio being 4:1. However, on autopsy the reverse is true; there is a male 
preponderance of 3:1. This can probably be explained by the fact, that 
constant low abdominal pain in females is a cause for surgical interven- 
tion, while low abdominal pain in the male is mostly treated medically. 

Race. Negroes are more often affected than whites. 

Pathology. Tuberculous peritonitis as a rule is secondary to a 
pathologic focus in some other viscus, particularly the lung or intestine. 
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A primary focus in the peritoneum is extremely rare. It may be acute 
or chronic and in either case localized or diffuse. 

Symptomatology. The onset may be insiduous or sudden. It is mani- 
fested by pain which is the earliest symptom. This pain may be severe 
or mild, generalized or localized. In the latter case it may be in the lower 
or the upper abdomen. If in the lower abdomen it may be suprapubic, 
in the right or in the left lower quadrant. This pain may last for months 
and has no relation to the intake of food. 

Abdominal distention appears next in frequency. It is due to ascites 
or gas. The ascitic fluid may be clear, or cloudy, chylous or hemorrhagic. 
The temperature is moderately elevated ranging between 00° and 101°F. 
The pulse is moderately accelerated, corresponding to the rise in tem- 
perature. 

Tenderness is present ; it may be diffuse or localized, depending on the 
pathologic process. 

Abdominal masses are occasionally present. They consist of agglutin- 
ated loops of bowel, or of rolled omentum. 

Treatment varies depending on the character of each individual 
case. In primary tuberculosis with ascites, laparotomy is still the favor- 
ite method of treatment. Whatever might be the explanation, it is an un- 
disputed fact, that a mere laparotomy gives marked relief if not a cure 
in many cases. Some authors advise os a therapeutic measure the pro- 
duction of pneumoperitoneum by injecting nitrogen or oxygen. How- 
ever, the therapeutic value of pneumoperitoneum is questionable. Other 
surgeons advise irradiation by giving moderate dose of x-ray over the 
abdomen for a prolonged period of time; however, the results are ques- 
tionable. If the peritonitis is secondary to some primary focus, the 
treatment of the latter is the most important measure. In tuberculous 
salpingitis, removal of the fallopian tubes is advisable. In pulmonary 
conditions the latter arc treated by measures customarily used in the 
management of lung tuberculosis depending on the pathologic process 
present in the lung. 

Prognosis of tuberculous peritonitis depends on the character of con- 
comitant pathology as well as on the extent of the peritoneal infection 
and the degree of acquired immunity. 

Active pulmonary tuberculosis associated with tuberculous peritonitis 
gives a high mortality, ranging from 50 to 75 per cent. Gastro-intestinal 
tuberculosis associated with tuberculous peritonitis also shows a high 
mortality rate. 

Tuberculous peritonitis a&sociated with tuberculous salpingitis has a 
good prognostic outlook, giving a mortality of about 15 per cent, if the 
fallopian tubes are removed. 

Primary uncomplicated tuberculous peritonitis offers the best prog- 
nostic outlook. 



G74 


URGENT SURGERY 


Gonococcic Peritonitis 

It occurs in adults as well as in children. It is rather a very infrequent 
occurrence, being present in about 2 per cent of acute vulvovaginitis 
in children, and more often in adults. 

Pathology. Gonococcic peritonitis may be either in an active or in 
inactive, adhesive stage. In the first case it may be generalized, affecting 
the entire abdominal canty, or localized, involving either the pelvic or 
the upper abdominal portion, chiefly as perihepatitis. In the healed or 
adhesive form it produces a great amount of adhesions. Most frequently 
gonococcal peritonitis starts in the pelvic cavity, particularly in women. 
Gonococcal peritonitis is usually secondary, the primary focus being in 
the external genitalia from which it spreads cither by a direct route 
through the fallopian tube or by lymphatic extension, not involving the 
tubes. Finally, it may affect the peritoneum hematogenicaliy. 

Symptomatology. The onset is sudden with acute abdominal pain, 
which may be diffuse or localized in the lower abdomen; the temperature 
is high, reaching 105°F., with the pulse disproportionately high; the 
leucocyte count varies from 20,000 to GO, 000 per cub. millimeter. 

There is moderate tenderness, rigidity and abdominal distention. Up 
to the advent of the sulfa drugs the disease lasted from a few days to 
several weeks and in the fulminating types the patients died within 
twenty-four hours. 

Prognosis. With the advent of the sulfa drugs the prognostic out- 
look changed completely. Whereas before the use of sulfa drugs the 
mortality in the young was about 25 per cent and considerably lower in 
adults, today the di=case can be aborted. Many ca«es are now reported 
in which the acute symptoms subside within two or three days after the 
administration of sulfa drugs, though in some cases the patients are re- 
sistant to this drug. 

Treatment chiefly consists of the administration of sulfathiazole aud 
sulfadiazine orally or intravenously. 

Puerperal Peritonitis 

Puerperal peritonitis follows parturition or abortion. The infection 
may be introduced by the hands of the obstetrician or midwife or by 
instruments used for delivery or curettage. Peritonitis may appear in a 
few' days in early cases and in a few weeks in delayed cases. In early 
development the source of infection is usually extraneous, from instru- 
ments or from the hands of the surgeon, or from the external genitalia; 
in delayed cases the source is some dormant infectious process in the 
body, such as chronic salpingitis. 

Symptomatology. The onset is sudden with chills, fever, reaching 
103°F., acceleration of the pulse up to 160, severe abdominal pain, par- 



NON-PKltFOIlATIVE PERITONITIS 675 

ticularly in the lower portion. There is abdominal tenderness, moderate 
rigidity and moderate distention. The leukocyte count ranges between 
12,000 and 35,000. 

Prognosis. Before the advent of sulfa drugs the mortality was about 
50 per cent. Administration of the sulfa drugs has greatly improved prog- 
nostic outlook, provided the diagnosis is made early because it is now 
fairly well established, that chemotherapy with sulfa drugs considerably 
reduces the mortality of peritonitis, if given in the first stage or in the 
early part of the second stage. If, however, the administration of the 
sulfa drugs is started onlj' in the third stage little can be expected from 
chemotherapy. 

Syphilitic Peritonitis 

This is a very rare complication of tertiary or of hereditary' lues. It 
is encountered cither as a generalized or a localized form. The latter is 
more frequent and is produced by extension of the luetic process from 
the liver, spleen, or bowel into the adjacent peritoneum, thus producing 
perihepatitis, perisplenitis or perienteritis. The generalized form of 
luetic peritonitis is produced either by rupture of a gumma or less 
frequently hematogcnously. 

Symptomatology. The onset is sudden, with severe abdominal pain, 
generalized or confined to the right upper quadrant in case of peri- 
hepatitis, or to the left upper quadrant in case of perisplenitis. This 
pain is of a varying degree of intensity. There is tenderness, rigidity, 
accumulation of peritoneal fluid ranging from a few hundred to several 
thousand cubic centimeters of yellow-gray fluid. The temperature fluc- 
tuates between 99° and 103°F. The pulse is correspondingly accelerated. 
Leukocytes range from 10,000 to 15,000 per cub. millimeter. Serological 
tests for lues arc positive. The course of disease may be prolonged in 
many cases resembling that of tuberculous peritonitis. Treatment is 
antiluetic. 

Rheumatic Peritonitis 

Rheumatic peritonitis is an extremely rare complication. It is even 
difficult to determine the ratio of its occurrence as a complication of 
general rheumatic fever because there are many statistical reports com- 
prising thousands of cases in which not a single one of rheumatic per- 
itonitis has been reported. 

Symptomatology. The symptoms related to peritonitis may in some 
cases precede any other manifestation of rheumatism. In other cases 
they appear after rheumatic fever has presented different manifesta- 
tions. The peritoneal symptoms are pain in the abdomen, generalized or 
localized, tenderness, rigidity and abdominal distention due to accu- 
mulation of a large amount of fluid. 
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The elevation of temperature, accelerated pulse and leukocytosis may 
be manifestations either of peritoneal involvement or of rheumatic dis- 
ease affecting other viscera. 

The prognosis depends on the extent of rheumatic involvement of 
other viscera, as rheumatic peritonitis in itself is not dangerous to life. 

The treatment consists of the administration of a large dose of sali- 
cylates. A large effusion requires paracentesis. 
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in congenital atresia, 5S1 
in intussusception, COO 
in jnslrotation of intestines, 590 
in perforated peptic ulcer, 125 
local, 125 

in urgent surgery, 62-S4 
local, 74 

by infiltration, 76, SO 
dangers of, 77 
loco-regional, technic of, 79 
peridural segmentary spinal, 74, 75 
midlinc local, 75 
nerve block, 75, 78 
pararectus, 75 
subcutaneous, 75 
peripheral, 62, 73-84 
common types of, 79 
general rules for, 78 

do«age, 78; solutions in, 78 
local action and dosages in, 74-70, 78 
plexic, 74 
regional, 74 
dangers of, 77 
Anesthesia, 
regional block, 80 
large nervous plexuses, 80 
nerve block, 80 
spinal, 81 

solutions for, contact, 79 
loco-regional, 78 
mucous surfaces, 79 
nerve block, 78 
peridural, 78 
plexus, 78 

spinal subarachnoid, 78 
splanchnic, 241 
subarachnoid spinal, 75, 7S 
troncular, 74 
type of, in shock, 47 
Anesthetics, local, action and their dos- 
ages, 74-76 
cocaine, 74 
novocain, 75, 78 
pantocain, 76, 78 
percain, 76, 78 

Aneurysm, traumatic, of hepatic artery, 
333 
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Anterior gastroenterostomy technic, 139 
lamella, 94 

Anticolihncillus «crum, 512 
Anuria, 672 

following liver trauma, 299 
Anus and rectum 
congenital anomalies of, 603 
imperforate, 569 
injuries of, 642 
malformations of, 603-607 
symptoms of, 603 
technic of perineal operation, 606 
treatment of, 606 

Aorta, aneurysm of compressing esoph- 
agus, 229 

Apnea, in first plia«c of narcosis, 66 
Aponeurosis, 94 
Apparatus, Scanned. 33, 34 
Appendectomy 
drainage, 49S 
Fowler's position in, 502 
retrograde, 49>, 49G, 497 
sub«erous, 496, 498 
teclmic of, 49S, 499 
technic of, 489, 490 

Api>cndical stump, Dawharn method of 
handling, 464 
Appendicitis, 462-518 
acute, 437-462 

and intussusception, 599 
choice of incision in, 479 
location of cecum, 4 S3 
management of, 478— 1S9 
sex incidence of, 513 
anatomical, factors in, 465 
blood count in, 470, 471 
catarrhal, 466 
chemotherapy in, 512 
Clado point, situation nf, 4GS 
complications in, 470 
diagnosis from 

acute alcoholic poisoning, 477 
cholecystitis, 473; pancreatitis, 
474; salpingitis 463 
cholelithiasis, 473 
Dietl’s crises, 474 
diverticulitis, 475 
gastric crises, 477 
lead colic, 477 

perforated gastric or duodenal ulcer, 
473 

pneumonia, 477 
pychtia, 474 
regional ileitis, 476 
renal colic. 474 

rupture of right rectus abdominis 


Appendicitis — coni. 

muscle, 476 

ruptured gallbladder, 473 
Graafian follicle or corpus luteutn, 
473 

thrombosis and embolism of mesen- 
teric vessels 475 
torsion of omentum, 47G 
right ovarian cy«t, 475 
tubal pregnancy immediately before 
rupture, 474 
typhoid ferer, 476 
differentia! diagnosis, 472-477 
early ambulation in, 514 
etiology of, 465 
fever in, 469 
gangrenous, 4GG, 661 
geographical distribution of. 462 
hernia and, 507 
in aged, 505-507 
in children 
incidence of, 504 
symptomatology in 504 
in Filipinos, 465 
in Negroes, 465 
in pregnancy, 510 
incisions in, 479 
Battle, 479 
Harrington, 479 
Jalaguier, 479 
Kam merer, 479 
Lennander, 479 
McBumey, 479 
Senn, 479 
Sonnenburg, 479 
Lanz point in. situation of, 46S 
left-sided, 511 
leukocytosis in, 470 
mechanical factors in. 465 
morphologic picture of, 466 
Morris point in, situation of, 468 
mortality in, age incidence, 516 
pathology of, 4G5 
perforated, 466, 60S 
diagnosis of, 669 
prognosis of, 669 
treatment of, 669 
phlegmonous, 466 
postoperative care in, 514 
mortality in, 516 
preoperative care in, 514 
pulse in, 470 

rebound tenderness in, 469 
rest in, 515 
retrocecal, 50S, 623 
drainage of, 510 
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mortality rate in, 51 0 
symptoms of, 508, 509 
technic in, 509 
rigidity in, 469 
sedimentation test in, 471 
serotherapy in, 512 
sex influence on, 465 
surgical anatomy of, 462 
symptomatic, in supposedly congenital 
absence of appendix, 51 1 
symptomatology of, 466 
symptom'? of 

anatomo-patbological, 47! 
fever, 466 
leukocytosis, 466 
McBurncy's point, 46S 
nausea, 466, 467 
pain, 466, 471 
rigidity, 46G, 471 
tenderness, 466, 467, 471 
vomiting, 466, 467 
tenderness in, deep, 409 
traumatic, 512 
direct, 513 
indirect, 513 
treatment in, 478-4S9 
when to rise in, 514 
x-ray in diagnosis of, 472 
Appendicular 
abscess 

drainage of, 502 
management of, 501, 503 
perforation, GG1 
actinomycosis, CGI 
amebiasis, 06! 
causes of, tuberculosis, 661 
stump 
burying, 498 
complications in management of, 494 
methods of management, 492 
Appendix 

absence of, 485, 4S0, 511 
acute 

diagnosed as 

acute gastroenteritis, 505; intus- 
susception, 505; pneumonia, 
505; pyelitis, 505 
blood supply of, 464 
decapsulation of, 497 
gangrenous, 470 
hidden position of, 487 
hypoplasia of, 487 
location of, 4S5 
methods of 

in absence of, 485; hidden position 


Appendix — cont. 

of, 4S5, hypoplasia, 485 
parasites in, 60S 
perforated typhoid ulcer of, 667 
position of, 462 
race in, 4G5 
removal of, 489 

after preliminary ligation and drop- 
ping ligated stump into free 
peritoneal cavity, 491 
preliminary ligation and burying 
stump in wall of cecum, 493 
without ligation and inversion of 
nonlignted stump into lumen of 
cecum, 493 
retrocecal, 512 
positions of, 487 
rupture of, 660 
size of, 4G3 

sub*erously located, 48 S 
trichoccphalus in, 60S 
various positions of, 4G3 
behind cecum and parietal peri- 
toneum, 463 

but in front of pjnetol periton- 
eum, 463 

lying free in peritoneal cavity, 463 
Argyll-Robcrt'on sign, 124 
Artery 

cystic, 281, 2S2, 378 
abnormalities of, 3S0 
gastro-opiploic, 241 
hepatic, 280-2S2 
gastroduodenal, 2S1 
injuries to, 332 
lymphatic, 2S2 
hepatico-ga«tric, 2S2 
h epa tom esa ra > c, 2S2 
ileocolic, 610 

inferior pa n cre.i tico-duodenal, 610 
middle colic, 610 
right colic, 610 

superior mesenteric, branches of, 610 
ileocolic, 610 

inferior pancreatico-duodenal, 610 
middle colic, 610 
ratni intestini tenui, 610 
right colic, 610 
terminal branches, 610 
Aspiration of 

bile duct contents, 324 
gastrointestinal tract, 569 
intestinal tract, 569 
Atresia of intestinal tract, 569 
Auscultation in intestinal obstruction, 
530 
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Awvray metluxl, 300 
Avascular area of Iliolan, 130 
Awakening 

porio<l of, following narcosis, 63, 61 
stage of narcosis, 64 
Axis torsion of gallbladder, 35 $, 362 

R 

Bacillus funduliformis scrum, 512 
Bacillus fusiform is scrum, 512 
Bacillus rntnosus serum, 512 
Bacteremia, 53 

Bnctcriologic examination in jierforntion 
of peptic ulcer, 120 
Balance's sign, 435-437 
Barbiturates, 72 
Bardenheuer metliod, 451, 455 
Bn«tcdo sign, 469 
Battle incision, 9S 
Baxter Laboratories, 7, S 
Baxter transfusion, 25 
Bevan incision, OS 
Bilateral transrectus incision, 07 
Bde capillaries, infectious process of, 273 
Bile ducts 
fistula 

permanent, 29S 
postoperative, 332 
treatment of, 332 
indications for surgery, 26S 
choice of ojieration, 26S 
injuries to, 315 

direct opening into gallbladder, 310 
extrabepatic, 273 
intrahepalic, 272 

liver, and gallbladder, injuries to, 201 
urgent surgery of liver and, 26S-431 
operative procedure?, 323-325 
Goetze's metliod, 330; Moymbsn 
method, 329; Voelcker's 
method, 325-328; Walton’s 
Method, 328, 329 

plastic operation* for reconstruction 
of, 323 

repair of, 317-319 
surgical, 315 

suture, technic in, 319-323 
treatment of, 317—319 
in serum and urine in liver rupture, 295 
leakage of, 420 
peritonitis, 672 
Biliary 

abscess, 35S, 3G0 
colic, 124, 473 
fistula, 35S 

peritonitis 297, 358, 3$6 


Biliary — eon!. 

without actual gallbladder perfora- 
tion, 60S 

|>erforation, 3S9; treatment of, 3S9 
surgery and shock, 44 
system. See alto Bile duct*. 

topography of, 272-274 
tract, incisions for operating on, 2S4 
Bilirubin in blood, 391 
Billroth I and II method*, 143 
and its modifications, 144 
Billroth II method, 147, 148 
Billroth’s narcotic mixture, 71 
Bimanual examination in intussuscep- 
tion, 598 
Bladder 

gangrene of, 208 
ruptured, 336 
drainage in, 3S7 
uncertain diagnosis of, 38s 
hemorrhage from, 52 
shrunken, 353, 359 
Bleeding 

in gastric diverticula, 170 
in peptic ulcer, 149-1 00 
Block anesthesia, 74 
Blood 

administration in intestinal obstruc- 
tion, 549 * 

amount transfused, indications for, 21, 
35 

amylase test, 255 
collecting, technic of, 25 
combined with normal saline or dex- 
trose solution, 30-33 
cyst, 434 
defibrinated, 22 
donor, proper selection of, 24 
examination in perforated peptic ulcer, 
122 
groups 

methods of testing comp&tdnlits of, 
24 

direct method, 24, indirect meth 
od, 24, 25 
in stool, 621 
modified, 21 

technic of transfusion («odium cit 
rate method), 25 
reinfusion of, 310 
unmodified, 21. 23 

transfusion bv Scannell apparatu>, 
33 

transfusion, 17 

administration of, 28 
cardiovascular accidents IB, 3S 
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Blood — cont. 
transfusion — cont. 

complications, 3G 
hemorrhage in, 20 
history of, 17 

in perforated carcinomatous ulcer, 
165 

infections in. 21 
methods 

direct transfusion, 21; indirert 
transfusion, 21 
postoperative care, 20 
preoperative care, 20 
rate of, variations in, 35 
reactions, 36 

chemical reaction, 37; hemolytic 
reaction, 37; proteolytic re- 
action, 37; reaction due to Rh 
factor, 37 
shock in, 20 

transmission of disease through, 38 
vessels and lymphatics of gallbladder 
and liver, 272 
whole versus plasma, 23 
"Bloodless fold of Treves," 485 
Blumbcrg’fl sign, 188, 460 
Boothby, Lovelace, Mamoulian mask, 546 
Borborygmi in obstruction, 530 
Bowels 

distention of, in appendicitis, 5is 
distribution of blood vessels in, 609 
errors in development of, 575 
extrinsic compression of, 573 
large, carcinoma of, 620 
motion, postoperative, 425 
resection of, 501 
small, carcinoma of, 620 
wa?f, termors and strictures of, 560 
Bradycardia in liver rupture, 295 
paradoxical, 295 
Brunner’s gland, 197 
Burns of stomach, 186-190 
acids, 187 
alkalis, 187 

corrosive substances, 186 
pathology of, 187 
symptoms of, 188 
treatment of, 188-190 
transfusion in shock from, 20 

C 

Calcium therapy, 422 
Calculi in diverticulum, 193 
Cannon’s theory, 42 

Capillaries, increased permeability of, 
421, 422 


6S7 

Capsular rupture with perisplenic hema- 
toma, 434 
Carcinoma of 
ampulla of Voter, 265 
cecum, 626 
colon, 620 

descending colon, 626 
duodenum, 197-202 
diagnosis of, 199 
etiology of, 197 
feces, examination of, 199 
laboratory findings, 199 
palpation, 199 
pathology of, 197 
prognosis of, 202 
surgery of, 19S 
symptoms of, 197 
technic of surgery, 199 
treatment of, 199 
palliative surgery, 199; radical 
surgery, 199-201 
x-ray examination, 199 
head of pancreas, 265 
hepatic flexure, 626 
intestinal tract, 620 
large bowel, 620 
distribution in cecum, 620 
descending colon, 620; rectosig- 
moid, 620; rectum, 620; 
splenic flexure, 620; trans- 
verse colon, 620 
ovary, 567 
pancreas, 264 
rectosigmoid, 620 
rectum, 620 
sigmoid, 626 
small bowel, 620 
stomach 

adenocarcinoma, 165 
medullary, 165 
ulcerative, 165 

Carcinomatous stomach, perforation of, 
163-166 

Cardiac failure, 42 
Cardiovascular 
accidents, 38 
caused by narcosis, 65 
preparation, 424 
Casoni reaction, 445 
Catgut 
allergy, 107 
chromic, 99 
plain, 104 
Cautery 
Paquelin, 90 
thermo, 86 
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Cecostomy, 350-558 
Cecum, carcinoma of, 026 
Celiac neurosis, 01 
Cellan- Jones method, 127, 132, 133 
Cellulitis 
diffuse, 58 
local, 5S 

ether method, 414 
indications for, 417; technic of, 
414-417 

indications for, 411 
Choledochostomy, 257 
Clioledochotomy 

retroduodenal and trnnMluodennl, 404, 
405 

criticisms, 407 
indications, 407 
technic of, 405-407 
CholclitMa«K 473 
Choletnia, 300 

Cholepentoneum hydatidcum, 3 lb 
Chronic torsion, 441 
Circulating fluid 
loss of, 42 
in liver injury, 294 

Circumscribed phlegmonous gastritis, 
ICS 

Clado point. 469, 469 
Clamp 
closed, 625 
crushing, 146, 493 
Kocher, 596 
J’ayr, 145, 140 
Rankin thiee-bladed, C33 
Spivack, 304 

Clinical classification of intestinal ob- 
struction, 520 

Clinical picture of intestinal obstruction, 
527-529 

Closure of abdomen opened by transverse 
incision, 99 

Coagulation, pathology of, 421 
Cocaine anesthesia, 74 
Code of Hammurabi, 642 
Cttkhims’ series, 615-617 
Chemical theory of Henderson, 41 
Chemotherapy in appendicitis, 512 
Chest, gunshot wounds of, 310 
exposure of, 311 
procedure in, 311 

Children, acute appendicitis in, 504 
Cholangioentcrostomy (Kehr-Enderlen), 
331 

Cholangiogram, 397 
Cholangiography, 332 
during operation, 39S 


Cholangitis, 193, 3SO-429 
Cholecystectomy, 257 
classical, 375 
cystic artery, 378 
incision, 376 

protection of abdominal wall, 376 
subserous, 375 

walling off abdominal cavity, 377 
Cholecystitis 

acute, 251, 208, 357, 35S, 437, 473 
perforative, GOG 

Cholecystography, 261, 363, 366 
Cholecystostorav, 257, 36S 
incision, 36S 

insertion of rubber tube, 372 
mortality in, 373 
objections to, 373 
technic of, 3GS 
Choledochoduodenostoniy 
internal, 407-419 
advantages, 411 
disadvantages, 411 
Colic 

biliary, 124 
lead, 477 
renal, 124 

Colitis, ulcerative, 623 
Colloid (mucoid) adrenocaroinoma of 
colon, 620 

Colloid carcinomas of stomach, 262 
Colon 

carcinoma of, 620 
chronic obstruction in 
palpation of, 622; x-ray findings, 
622 

diagnosis of, G23 
differential diagnosis, 623 
actinomycosis, 623; benign stnc 
tures, 623; bleeding hemor- 
rhoides, 623; chronic, non- 
specific granuloma, 623, di- 
verticulosis, 623; intussuscep- 
tion, 623; polyposis, 623, re- 
gional ileitis, 023, retrocecal 
appendicitis, 623, ulcerative 
colitis, 623 

groups 

colloid (mucoid) adenocarcinoma, 
620; medullary adenocarci- 
noma, 620, inelanpma, 620; 
papillomatous carcinoma, 
620; scirrhus, or fibrocar- 
cinoma, 620; squamous car- 
cinoma, 620 
metastasis in, 621 
obstruction in 
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Colon — cont. 

acute, G22; chronic, G22; subacute, 
622 

pathology of, 620 
surgery of right colon, G25 
one stage operation, 625-G31 ; two 
stage resection, 631 
symptomatology 

abdominal cramps, 621; blood in 
stools, 621; change of intes- 
tinal habits, 621; metastasis 
in carcinoma of colon, G21 
treatment 

choice of operation, 626; pallia- 
tive, 624; preoperative man- 
agement, 624; radical, 624, 
surgery of right colon, 62S 
two stage rejection 
Mikulicz exteriorization technic; 
Rankin, obstructive resection 
method, 632; resection of 
descending colon and recto- 
sigmoid, 631; splenic flexure, 
631 

complete (acute) obstruction of, 52S 
descending, carcinoma of, 626 
diverticulitis of, 639-641 
multiple, primary carcinoma of, 621 
obstruction of, effects of distention in, 
524 

partial (chronic) obstruction of, 528 
stenosis of, 579 
urgent surgery of, 620-644 
Colostomy for small bowel obstruction, 
547 

technic of, 550 
Colpotomy, 653 

Common dile duct, obstruction of, 193 
Common duct 

acute obstruction of, in infection, 390- 
429 

injuries of, 318 
obstruction of, 2G0, 268 
rupture of, 2G5 

torn in supraduodenal part, technic of 
repair, 322 

variations in, 27S-279 
intramural or papillary, 278 
pancreatic, 278 

relation of, to pancreas, 279, 280 
retroduodenal, 278 
supraduodenal, 278 

Comparative data of incidence, course 
and prognosis of acute appendicitis 
in two sexes, 513 


Complications in perforated gastric ulcer 
131 

Complications of perforated carcinoma- 
tous ulcer, 165 
Concretions in stomach, 171 
Congenital 

abnormalities of gallbladder, 275-284 
absence of appendix, 511 
atresia, 579 
different types of, 5S0 
embryologic and pathologic con- 
siderations, 579 

diagnosis of, 581; mortality in, 
585; operative technic, 5S1- 
585; postoperative manage- 
ment, 5S5; symptomatology, 
579-581; treatment of, 5S1; 
preoperativc measures, 5S1; 
prognoris of, 579 

obstruction, extrinsic forms of, 218 
pyloric stenosis, 217-227 
diagnosis, 218 

extrinsic forms of congenital ob- 
struction, 218; intracranial 
injury, 21 S; intrinsic types of 
gastro-mtestinnl obstruction, 
218; pylorospasm, 218 
historical data, 217 
incidence, 

operative technic, 219-223 
divulsion of stomach, 220; extra- 
mucous py2oropla«ty of 
Heinekc-Mikulicz type, 220; 
gastrojejunostomy, 219; je- 
junostomy,219;pylorcctomv, 
220; pyloroplasty, 220; tech- 
nic of Ramstedt operation, 
220 

Ramstedt operation, 221, 222 
surgical treatment, 219 
symptoms, 217 
treatment of, 219 
surgical: anesthesia, 219; opera- 
tive technic, 219-223 
Connell suture, 633 
Contact anesthesia, 79 
Continuous dorsal mesentery, 647 
Continuous through-and- through suture, 
237 

Contusion of abdominal wall, 437 
Corning-Bier method, 74 
Coronary ligaments, 269 
Coronary thrombosis, 91, 123 
Corpus luteum, ruptured, 473 
Courvoisier incision, 97 
Crises, Dietl’s, 474 
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Crohn's di»oa>c, 657 
Cutting electrode, 1>6 
Cyclopropane narco«is, 71 
Cyat 

blood, 434 
echinococcus, 440 
Cystic duct 
hemorrhagic infarction of, 358 
injuries of, 318 
variations in, 270-278 
Cystoduodcnocolic ligament, 032 
Cysts 

infected, pancreatic, 201 
of spleen, 432, 444 
pancreatic, 258, 259 

D 

Dakins solution, 108 
Dawbarn method, 404, 492, 495 
Defecation, absence of, in intestinal ob- 
struction, 527 
Dehvdration 

indication for intravenous therapy, 4 
in intestinal obstruction, 526 
in malrotation of intestines, 6S9 
Depnge flap, 233 
Depage method, 231 

Dextrose solution combined with blood, 
plasma or serum, 30-33 
Diabetes, 91 
and gas gangrene, 57 
Diaphragmatic hernia, diagnosis from 
bleeding peptic ulcer, 150 
Dietetics in bleeding peptic ulcer, 152 
Dietl’s crises, 474 
Diffuse phlegmonous gastritis, 16S 
Dilatation 

forcible, of papilla, 397 
or stomach, acute, 161 
Distention in inte«tinal obstruction, 522- 
524, 541 
fees}, 523 
fluid, 523 
gaseous, 522 
Diverticula 
age incidence of, 640 
combined operations for, 196 
complications of, 193 
diagnosis of, 194 
gastric, 175-177 
fal«e, 170 
traction, 176 
true, 176 

of duodenum, 191-190 
etiology of, 191 
history of, 191 


Diverticula — coni. 
of duodenum — coni. 
incidence of, 191 
multiple, 192 
primary, 191 
pulsion, 192 
secondary, 101, 192 
symptoms of, 192, 193 
dyspeptic, 192; hepatobiliary, 
193; obstructive, 193; pan- 
creatic, 1 93; pseudo-ulcerous, 
192 

Diverticulitis, 193, 475, 639-G4I 
complications of, 641 
diagnosis of, 04 1 
etiology of, 640 
mortality in, 641 
operations for, 194, 19G 
pathology of, 640 
prognosis of, 641 
symptomatology' of, 640, 641 
treatment of, 194, 64! 

Divert iculopexy, duodenal, 194-190 
Diverticulosis, 623 
Dogliotti method, 74, 83 
Donor and recipient, preparation of, 34 
Doughs 
folds of, 652 
pouch, 510, 652, 662 
sac of, 652 

Drain, Penrose, 202, 250 
Drainage 

in acute obstruction of common duct. 
39S-402 

perforated gastric ulcer, 130 
surgery of liver and bile ducts 289 
of abdominal cavity, 113 
of gallbladder, 384. 387 
postural, in gastric diverticulum, 177 
Drugs in acute dilatation of stomach, 162 
Duct 

common, obstruction of, 260 
Santorini’s, 197, 199, 202 
vitelline, 647 

Winning’-*, 193, 197, 199. 202 
Duodenal 

diverticulum, ulcerated, 151 
fistula, 250, 427 
loop, 646 

perforation, site of, 120 
ulcers, in duodenal perforation, 657 
Duodenitis 193 

Duodenotomy for foreign l>odie« in duo- 
denum, 210 

Duodenum and stomach 
carcinoma of, 197-202 
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Duodenum — cont. 
diverticula of, 191-196 
foreign bodies in, 209 
intubating, 543 
topography of, 2S3 
traumatic rupture of, 203-203 
urgent surgery of, 117-226 
Dyspeptic type of diverticula of duo- 
denum, 192 

Dyspnea of Kussmaul typo, 225 
E 

Eberth bacillus, 661 

Ebcrthian infection, G5S 

Echinococcus cyst, 446 

Ectopic pregnancy, ruptured, 124, 437 

Edema 

acute fleeting, 271 
collateral, 271 

in distention of small bowel, 524 
of liver, 419 

source of, in fluid administration, 549 
Electrocoagulation of gallbladder wall, 
382 

Electrode, cutting, 86 
Electrolysis, 85 
EJcctrosurgery, 85-90 
anesthesia in, 90 
clinical effects of, 86 
contraindications to, 90 
definition of, 85 
equipment for, 80 
general, technic of, 86, 88, 89 
electrocoagulation, SO 
electrotomy, coagulating, SG 
of gallbladder, 375-3SG 
Electrotome, 86 
Electrotomy, definition of, 86 
Embolism 
air, 44 

mesenteric, 576 
of liver tissue, 299 
of mesenteric vessels, 475 
Empyema, 358, 360 
Endarteritis obliterans, 613 
Endonarco, 73 

Endophlebitis obliterans, 613 
Endo-venous narcosis, 72 
Enterectomy for mesenteric occlusion, 
618 

Enteroanastomosis, 139, 5G6 
Enterococci serum, 512 
Enterocolitis and intussusception, 599 
Enteroliths, 572 
Enterostomy 

emergency, in congenital atresia, 585 


Enterostomy — coni. 
for small bowel obstruction, 547 
in mesenteric occlusion, 618 
technic of, 554-555, 018 
Enterotribe, 633 
Epidural sacral anesthesia, 74 
Epigastric tenderness in gastric divertic- 
ula, 175 

Esmarch mask, 69 

Esmarch-Schimmelbusch type ga3 mask, 
68 

Esophagus 

constriction of, 22S, 229 
diverticula of, 229 
ulceration of, 229 
Ether ethyl-chloride narcosis, 69 
method of, 414 
indications for, 417 
technic of, 414-417 
narcosis, 6S 
technic of, 69 
oil narcosis, 71 
Ethyl-chloride narcosis, 69 
Ethylene narcosis, 70 
Eutarcon, 72, 73 
Evipal, 73 

Exteriorization of intestine, 558-501, 618 
Extramucous pyloroplasty, 220 
Extraperitonization in phlegmonous ga**- 
tritis, 170 

Eye symptoms following liver rupture, 
299 

F 

Falciform ligament, 269 

Fascia, fused, 647 

Fecal distention, 523 

Feces in malrotalion of intestines, 580 

Fenger incision, B, 9S 

Fever 

in congenital atresia, 5S0 
in intussusception, 598 
in malrotation of intestines, 5S9 
typhoid, 476 

Fibrocarcinoma of colon, 620 
Fistula 

bile, permanent, 29S 
biliary, internal, 358 
duodenal, 250 
pancreatic, 250 
Fistulae, 426 
bile, postoperative, 332 
chronic bile, 402 
duodenal, 427 
treatment of, 641 
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Fixation of 
stomach 

to anterior abdominal wall, 237 
to peritoneum, 23S 
tube 

to anterior abdominal wall, 237 
to anterior sheath, 238 
to akin, 23S 

n»p 

Depage, 233 
gastrostomy, 232 
Hirsch, 233 
Janeway, 133 
quadrangular, 232 
reversed Ilirsch, 233 
.“election of, 232 
Fluid administration 
and electrolyte balance, disturbance in, 
526 

dehydration, 526 
distention, 523 

in intestinal obstruction, 647-549 
postoperative!)’, in intestinal obstruc- 
tion, 569 

Folds of Douglas, 052 
Foramen bursae omentahs, 651 
Foramen of Winston, 4G3, 050. 651 
T orceps 

Allis, 137, 232, 241 
Kelly-Wan, 633 
McFaddcn's pylorus, 220 
mosquito, 221 
Ochsner, 633 
Foreign bodies and food 

cau«e of mechanical obstruction, 572 
in duodenum, 209 
inferior angle, 209 
superior angle, 209 
diagnosis of, 210; E)inptoms of, 
20S, treatment of, 210 
in stomach, 171-174 
concretions, 171 
diagnosis of, 173 
etiology of, 171 
phtobezoara. 171 
prognosis of, 174 
sex ratio, 171 
symptoms of, 171 
treatment of, 174 
trichobezoars, 171 
Foreign bodies left in 
abdomen, 112 
gynecologic operations, 112 
neck behind sternohyoid or sterno- 
thyroid muscles after thyroidec- 
tomy, 112 


Foreign bodies left in — coni. 
pericardium, 112 
pleural cavity, 1 12 

Formalin injection in hydatid disease, 
350 

Fowler’s position, 502, 516, 6G6, 670 

Fracture of ribs on left side, 137 

Tree graft tissue, 307 

G 

Gallbladder 

acute condition of, 357-3S9 
inflammation ol, collateral edema In, 
271 

obstruction, 357 

clinical signs of, 363; localized 
perforation, 364; mortality 
rate, 3CG; pathology of, 35S; 
sequelae of, 358; surgical in- 
dications, 365 

and liver, pre- and postoperatii e treat- 
ment, 419 

precautionary measures, 421 
coagulation, pathology of, 421; 
surgical, 421 
aspiration of, 370 
avis torsion of, 35S, 362 
blood ve««els and lymphatics of, 272 
congenital abnormalities of, 275-284 
absence of, 275 
common duct, 278 
cjstic duct, 275-278 
double, 275 
separation of, 275 
disease, 251 

injuries to liver, bile ducts and, 291 
opening of, 3S0 
perforation of, 659 
due to infectious origin, 6G0 
due to mechanical origin, 600 
location of, C60 
treatment of, 60S 
postoperative, 6GS, preoperative, 
66S 

relationship to liver, 273 
removal of stones from, 381 
rupture of 
causes 

gangrenous cholec) stitis, 660; neo- 
plastic changes in wall, 660; 
stones, 660, torsion of gall- 
bladder, 660; trauma, 660, 
typhoid fever, 660 
clinical signs of, 35S, 362, 363 
localized perforation, 364, clinical 
signs of, 365 
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Gallbladder — cont. 
ruptured, 473 
strawberry, 333 

technic of, operative procedures, 368- 
3S6 

drainage, 384 
cholecystostomy, 36S-375 
cholecystectomy, 375 
electrosurgery, 375-3S6 
mucoclasis, 3S2, 383 
tumors of, 271 
wall of, 274, 275 
lamina propria, 274 
mucosa, 274 
muscularis, 274 
necrosis of, 60S 
serosa (peritoneum), 275 
Gallstones, 358 
ileus, 352, 35G, 305 
diagnosis of, 353 
differential diagnosis, 354 
signs and symptoms, 353 
technic, incisions, 350 
treatment of, 355 
x-ray examination, 354, 355 
in cholecystic lesion, 252 
obstruction due to, 570 
Gangrene. See also Gas Gangrene, 57-60 
localized, 5S 
massive, 58 

of cystic duct, 35S, 302 
progressive bacterial synergistic, 109 
clinical picture, 109 
etiology, 109 
symptoms, 109 
treatment, 109 
of skin, 108, 109 

Gangrenous bowel, exteriorization for, 
559 

Gas gangrene, 57-00 
infection of abdominal wall, 110 
prognosis of, 59 
symptoms of, 57-59 
treatment of, 60 
Gaseous distention, 522 
Gastrectomy, 118 

in perforated carcinomatous ulcer, 105 
phlegmonous gastritis, 170 
partial, 129, 141-145 
transverse transrectus incision in, 97 
Gastric carcinoma, 658 
contents and vomitus in intestinal ob- 
struction, 532 
crises, 477 
diverticula, 175-177 
age incidence of, 175 


Gastric carcinoma — coni. 
diagnosis of, 175, 177 
false, 176; true, 176 
incidence of, 175 
pathology of, 175 
traction diverticulum, 176 
treatment of, 177 
postural drainage, 177 
lavage in congenital atresia, 5S1, 585 
loop, 646 

perforation, site of, 120 
Gastritis 

chronic, differentiation from bleeding 
peptic ulcer, 150 
phlegmonous, 167-170 
Gastrocolic 

approach to pancreas, 248 
ligament, 241 
omentum, 24S, 256 

Gastroduodenal perforations, G56, 6G3 
postoperative complications, 666 
preoperative treatment, 666 
recurrent perforations in, 057 
Gastroenterostomy, 665 
anterior, 139, 140 
for volvulus of stomach, 183 
in perforated carcinomatous ulcer, 165 
posterior, 133-138 
simple closure with, 134 
in perforated gastric ulcer, 129 
Gastro-epiploic arteries, 241 
severing of, 144 

Gastrohepatic approach to pancreas, 247 
ligament, 144, 247, 248 
omentum, 247, 256 
Gastro-intcstinal 

obstruction, intrinsic types of, 218 
tract 

aspiration of, 569 
carcinoma of, etiology, 620 
transfusion in hemorrhage from, 20 
Gastrojejunostomy, 118, 219 
in congenital atresia, 585 
Gastropexy for volvulus of stomach, 183 
Gastroptosis, 247 
Gastrorrhaphy, 117 
Gastrosplenic ligament, 457 
Gastrostomy, 228-243 
fixation of 

stomach to peritoneum, 23S 
tube to anterior sheath, 23S 
tube to skin, 238 
flap, 232 

for burns of stomach, 189 
formation of tube, 234-236 
historical data of, 22S 
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G aslrostomy — cont. 
indications for, 228-229 

A. the usual causes preventing oral 

feeding, 228 

1. construction of esophagus due 
to benign or malignant tu- 
mors, 228; 2. ulceration of 
esophagus due to bums by 
swallowed corrosive material, 
229; 3. strictures ol esophagus 
produced by healed extensive 
ulcers, 229; 4. diverticula of 
esophagus when part of food 
passes into a cul de sac, 229; 
5. aneurysm of aorta com- 
pressing esophagus, 229 

B. Tor therapeutic purposes, to fa- 

cilitate dilatation of cardiac 
end of stomach by retrograde 
method, 229 

left midrectus longitudinal incision in, 
97 

methods 
Spivack, 229 
Stamm, 229-232 
Witzel, 229, 230 
mortality of, 241 
permanent, 229 

preoperative management of, 241 
Spivack method, 232-237 
Spivack's tubovalvular, 233, 239, 240 
Stamm method of, 232 
temporary, 229, 241 
valve formation, technic for, 232 
Gastrotomy, 174 

removal of bezoar of stomach, 174 
Geroez modification of Witzel method, 
229, 230 

Glisson’s capsule, 282, 291, 295 
Glucose solution, 5 
Glycosuria, 251 
Goetze’s method, 330 
Gonococcic peritonitis, G74 
Graafian follicle, ruptures, 473, 474 
Gridiron incision, 90 
Gunshot wounds, 244 
and gas gangrene, 67 
of stomach, 184 , 

H 

Harrington incision, 4S1, 482 
Hartmann's solution, 6, 255 
in acute dilatation of stomach, 162 
Heart 
arrest of 

at beginning of narcosis, 05 


Heart— cont. 

in advanced stages of narcosis, 65 
direct massage of, 06 
lleineke-Mikulicz type of pyloroplasty, 
220 

Heistcr's vah es, 277 
Ilematemesis, 616 
Hematoma 
intra peritoneal, 261 
of abdominal wall, 92 
perisplenic, 434 
retroperitoneal, 247 
subcapsular, without rupture of cap- 
sule, 433 

Hematuria following liver trauma, 299 
Hemicolectomy, right, 627-629 
technic of closed clamp one-stage 
method, 630 

Hemoconccntration in malrotation of in- 
testines, 589 

Hemopneumolhorax, 439 
Hemorrhage, 47-53 
classification of, 47, 48 
closed wounds, 47, 48 
contusions, 47, 48 
crushing injuries, 47, 4S 
open wounds 
combined arterio-venous 
incised, 47 
lacerated, 47 
punctured, 47, 48 
according to tune, 4S 
intermediate, 4S 
primary, 48 
secondary, 48 
according to kind, 48 
arterial, 4S 
capillary, 4S 
venous, 4S 

delayed, in injury to spleen, 436 
diagnosis of, 49 
due to birth trauma, 218 
from gastric or abdominal wall in con- 
genital pyloric stenosis, 225 
pancreas, 53 
ruptured bladder, 52 
stomach, 52 
tears of mesentery. 52 
wounds of liver, 52 
in liver injuries, 296 
rupture, 292 

perforation of peptic ulcer, 122 
incidence of, in gastric ulcer, 1 59 
Incision in surgery in, 51 
postoperative cholemic, 408 
differentiation from bleeding peptic 
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I leinorr hage — cont. 
ulcer, 151 
prevention of, 421 
calcium therapy, 422; increased 
permeability of capillaries, 
422; pathology of coagula- 
tion, 421; vitamin K, 421 
prognosis in, 49 

routine examination of abdominal con- 
tents, 51 

treatment of, 50-53 
Hemorrhagic diathesis, 41D 
infarction of cystic duct, 358, 3G0 
pancreatitis, 252 
Hemorrhoids, bleeding, 623 
Henoch’s purpura, 91 
and intussusception, 599 
Heparin, 22 

Hepatic artery, injuries to, 332 
traumatic aneurysm of, 333 
cirrhosis, differentiation from bleeding 
peptic ulcer, 150 
duct. See also Bile ducts. 

implantation into stomach, 327 
injuries of, 318 
intrahcpatic injury of, 331 
treatment of, 331 
telescopic method of repair, 32 2 
flexure, carcinoma of, 026 
insufficiency with acidosig in congenital 
pyloric stenosis, 225 
Hepaticogastric artery, 282 
Hepatitis, 412 
acute, 271 

parenchymatous, 273 
Hepato-biliary perforations, 659 
type of diverticulum of duodenum, 
193 

Hepatoduodenal ligament, 269 
Hepatoduodenostomy, 326 
Hepatomesaraic artery, 282 
Hepatoptosis, 272 

Hepatorenal syndrome in liver trauma, 
299 

Hernia, external, 574 
internal, 674 
incisional, 92, 97, 99 
ventral, 97 

Herniae, postoperative, 427 
Hernial sac, appendicitis in, 507 
dangers in, 508 
physical findings in, 508 
treatment of, 508 
Hiccough, 424 
Hippocratic expression, 61 6 
Hirsch flap, 233 


Histo-phy Biologic effects of high fre- 
quency current, 85 
History in intestinal obstruction, 527 
Hoffmeister-Finsterer's modification of 
Polya operation, 146, 147 
Hydatid cysts of liver, 346 
diseases of liver, 346-352 

diagnosis of, 346; pathology' of, 
346; rupture in, 347; sup- 
puration of, 346; surgical 
management of, 347 
clinical aspect of, 352 
complications of, 351 
intraperitoneal rupture, 348 
intrathoracic rupture of, 351 
ty'pes of, 351 
mortality in, 350 
operation for, 351 
operative procedure, 352 
postoperative complications, 352 
procedures in, 348 
closed method, 349 
injection of formalin, 350 
open method, 340 
operation in rupture, 350 
Hydronephrosis, 91 
infected, 261 
JJnlced, 441 

Hydrops of bladder, 359 
Hyperthyroidism, 91 
Hypertonic solutions of glucose, 5 
Hypochloremia with alkalosis in con- 
genital pyloric stenosis, 226 
Hypoparathyroidism, 91 
Hypothyroidism, 91 

I 

Ileitis, regionnl, 476, 623, 657, 659 
Ileocolic artery', 610 
Ileocolostomy, end-to-side, 628 
Ileo-pelvic mesocolon, 653 
Ileum, terminal, location of, Monks 
method, 484 

Heus, gallstones of, 352-356 
inhibition, 575 
dynamic, 576 
paralytic, 575 
spastic, 576 
paralytic, 515, 655 
Imperforate anus, 569 
Incision, Battle, 98, 479 
Sevan, 98 

bilateral transrectus, 97 

choice of, in intestinal obstruction, 552 

costal, 285-288 

Courvoisier, 97 
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Incision — eont. 

Fenger, 9S 
gridiron, 90 

Harrington, 479, 481, 482 
in abdomin.il injuries, 303 
Jataguier, 98, 479 
Kammerer, 479 
Kausch, 100 
Kehr, 9S, 2S5. 427 
Kocher, 9S, 2S5, 427 
Lawson Tait, 2S4 
left lower pararectus, 9S 
midrectus, 98, 284, 2S5, 446 
longitudinal, 96, 232; with addi- 
tion of a transverse incision, 
446 

paramedian, 9S 
subcostal, 446 
Lennander, 479 

McBurney, 9S, 479-482, 510, 514. 515 
McBurncy (McArthur), 97 
Marwcdcl, 290 

Mayo-Robson (K5rte), 98, 2S5 
midline, 2S5, 479 
Mikulicz-Kau«ch, 97 
oblique abdominal, 97 
oblique intrarectus, 285 
I’fannenstiel, 97, 9S 
Pribram, 189, 285, 286 
right inidrcctus (Riedel), 9S 
paramedian, OS 
pararectus, 2S4, 283, 479 
upper pinarectus, 98 
Senn, 479 

sero-inuscular, 169, 235 
Sonncnburg, 479 
Sprengd, 97 
transverse, 96-9S 
abdominal, 97 
transrectus, 97 
Incisional hernia, 92 
symptomatology of, J OS 
treatment of, 103 
Incisions, abdominal, 92-106, 232 
combination of the two, 97 
flap, 97 
gridiron, 97 
length of, 92 
longitudinal, 97 
physiologic, 96 
transverse, 97 

for operating on liver and biliary tract, 
2S4 

infraumbilical mi dime, 9S 
longitudinal, 96-98, 284 
neutral, 2S4 


Indigestion, history of, in perforated ul- 
cer, 161 

Indirect transfusion, modified blood, 21 
unmodified blood, 2 1 
Indwelling tube in aspiration of gastro- 
intestinal tract, 569 

Infants and children, resection and anas- 
tomosis of jejunum in, 562 
congenita! atresia, symptoms of, on 
first day of life, 579 
urgent intestinal surgery in, 579-COS 
Infarction of liver, 299 
Infected hydronephrosis, 2G1 
pancreatic cysts, 261 
s3tnptoms of, 261 
Infection, Eberthian, 65S 
of abdominal wall, 10S 
liver wound, 29S 
purulent, of cystic duct, 35S 
Infectious diseases, transfusion in, 21 
Inferior mesenteric arteries, 609 
pancreatico-duodenal artery, 610 
Infiltration, local anesthesia by, SO 
Inflammation, diffuse, in phlegmonous 
gastritis, 167, 16S 
circumscribed, 167, ICS 
Infraumbilical midline incisions, 9S 
Infusion, intravenous, 3-17 
Inhalation, narcosis by, 63 
Injection of anesthetic solution, typical 
sites of, 75 

Injuries and wounds of stomach, IS4-190 
direct injury, 184; subcutaneous 
rupture of, 184, 185; symp- 
toms of, 184 

crushing, transfusion in shock from, 20 
of liver, wider exposure Cor, 2S9 
by blunt force, 291 
differential diagnosis between shock 
and, 293 

mechanism of, 291 
open, 292 
circulation in, 294 
special signs of, 294 
bile in serum and urine, 295, brady- 
cardia, 295; hemorrhage, 294, 
pain, 294; x-ray examination 
in, 296 
spleen, 432 
to bile duets, 315 

plastic operations for reconstruction 
of, 323 

repair of, 317-319 
surgical injuries to, 315 
suture technic in, 319-322 
over rubber tube, 320-323 
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Injuries — cont. 

treatment of, 317-319 
operative procedures, 323-325 
Goetze’s method, 330; Moynihan 
method, 329; Voelcker’n 
method, 325-328; Walton’s 
method, 328, 329 
hepatic vessels, 332 
portal vein, 331 
surgical injuries, 334 
Injury, intrahcpatic, 331 
Inspection in intestinal obstruction, 529 
Internal saphenous vein, 14 
Interrupted suture, 249 
Interstitial pancreatitis, 252 
Intestinal hemorrhage, 666 
obstruction, 124, 259, 441, 519-578 
acute, 660 

classification of, 519-521 

anatomic causes of, 521; clinical, 
520; complete, 519; partial, 
519; pathological, 520; sim- 
ple, 519; strangulated, 519 
clinical picture of, 527-529 
history, 527; strangulation, 529; 
symptoms of, 527, complete 
(acute) obstruction of small 
intestine, 527, of colon, 528, 
partial (chronic), obtsruction 
of small intestine, 528, of 
colon, 528 

complicating pancreatic cyst, treat- 
ment of, SCO 

diagnosis from volvulus of stomach, 
182 

differential diagnosis, 535-540 
abdominal cramps, 535; diarrhea, 
536; peritoneal irritation, 537; 
vomiting, 536; x-ray exami- 
nation, 538 
distention in, 522 

effects of, in obstruction of small 
intestine, 523; effects of, in 
obstructions of colon, 524; fe- 
cal, 523; fluid, 523; gaseous, 
522 

disturbance in fluid and electrolyte 
balance, 526 
incidence of, 521 
operative procedures, 553-569 
anastomosis, primary, 561-566; 
colostomy, 556-558; end-to- 
end, 564-565; enterostomy, 
554r-556; exteriorization, 558- 
561; release of obstructing 
mechanism, 553; resection, 


Intestinal hemorrhage — coni. 

561-566; side-to-side, 565 
postoperative treatment, 567 
aspiration of gastrointestinal tract, 
569; caro of wound, 567; fluid 
administration, 569; medica- 
tions, 568 

pathological physiology of, 522 
physical examination, in, 529-535 
auscultation, 530; gastric contents 
and vomitus, 532; genera] 
consideration, 529; inspec- 
tion, 529, laboratory finding 0 , 
531; palpation, 530; rectal 
examination, 531 ; vaginal ex- 
amination, 531; x-ray exami- 
nation, 532-535 

secondary to adhestions resulting 
from acute pancreatitis, 259 
cysts: acute pancreatitis, 259, 
trauma, 259 
strangulation in, 525 
treatment of, 260, 540-553, 641 
abdominal exploration, 552, anes- 
thetic, 551; application of 
suction to indwelling tubes, 
541; blood administration, 
549; enterostomy and colos- 
tomy, 547; fluid administra- 
tion, 547-549, general princi- 
ples of, 540; incision, 552; 
intubation of duodenum, 543, 
non-operative, 549; opera- 
tive, 550, indications for, 550; 
preoperative, 550, medica- 
tion, 550; relief of distention, 
541; respiration of high oxy- 
gen concentrations, 545 
various anatomic types, 569-577 
adhesions and fibrous bands, 573; 
atresia of intestinal tract- 
569; bowel, errors in develop, 
roent of, 575; due to gall- 
stones, 570; dynamic ileus, 
576; enteroliths, 572; extrin- 
sic compression of bowel, 573; 
foreign bodies and food, 572; 
hernia, external, 574, inter- 
nal, 574; imperforate anus, 
569, inhibition ileus, 575, in- 
tussusception, 574; mega- 
colon, 573, mesenteric throm- 
bosis and embolism, 576; 
mortality, 577; obturation 
obstruction, 570; paralytic 
ileus, 575; spastic ileus, 576; 
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Intestinal hemorrhage — run/. 
adhe«ions — coni. 

tumors and strictures of 
bon’d wall, 369; volvulus, 574 
perforations, etiology of, 657 
produced by amebiasis, 059 
surgery in infants, 579-605 
tract, atresia of, 569 
carcinoma of, 620 
acute intestinal obstruction, 620; 
age in, 620; complications of, 
620; location of, 620; perfora- 
tion, 620; race, 620; sex inci- 
dence, 620 

Intestines, malrotation of, 556-591 
diagnosis of, 5S9 

embryologic considerations, 5S6-5S9 
mortality in, 5S6 
operative technic, 590 
pathology of, 5S9 
preoperative management, 590 
symptomatology of, 589 
treatment of, 590 
Intracardiac injection, 65 
Intracranial injury, 21 8 
Intrahepalicduct, injury of, 319 
Intraperitoneal hematoma of, 201 
infection in, 259 
injury of, 204 
Intravenous infusion, 3, 17 
amount of fluid, 6 
blood transfusion, 3-40 
complications of, 6 
contraindications, 6 
danger?, of, G 
definition of, 3 
general considerations, 3 
historical data of. 3 
indications for, -I 
rate of injection, 6 
solutions used in, 4-6 
acacia, 5 
gluco*e, 5 

hypertonic solution of glucose, 5 
Hartmann's, 6 
normal fait, 4 
sodium bicarbonate, 5 
surgical technic, 7 

Intravenous (endovenous) naTto«is, 72 
endonarco, 73 
eunarcon, 73 
narco tene, 73 
sodium evipan, 73 
Intubation of duodenum, 543 
Intussusception, 505, 574, 595-602, 623 
differential diagnosis, 59S 


Intussusception — cont. 
etiology of, 596 
mortality in, 602 
nomenclature, 597 
pathology of, 595 
postoperative treatment of, 602 
reduction of, 600 
strangulation obstruction and, 526 
treatment of, 599 
non-operative, 599 
operative, 600 

J 

Jalagoier incision, 9S 
Janewuy flap, 233 
method, 231 
Jaundice, 110 
choledocho«tomy and, 257 
in acute obstruction of common duct, 
390 

obstructive, 397-399, 42S 
hematogenous, 429 
hepatitis in. 429 
mortality in, 397 

Jejuno-e«opbagostoinv for burns of stom- 
ach, 1<?9 

Jejuno-tomy. 219 
in phlegmonous gastritis, 170 
Jejunum, resection and anastomosis of, 
562 

K 

Kahn test. 3S 

Kehr-Enderlen cholangio-enterostomj , 
331 

Kchr incision, 9S, 2S5, 427 
sign, 437, 443 
Kelene narcosis, 69 
Kelly-P#an forceps, 633 
Keloid transformation of scars. 1 13 
Keloids and ossification of scars, 1 13 
Kerangal sign, 509 

Kidneys, changes in, following liver 
trauma, 299 
hemorrhage from, 52 
ruptured, 437 
tumor of, 441 
Kimpton-Browa tube, 23 
Kirschner’s clinic, 415 
Knot, knotless, 105 
Kocher’s clamp, 596 
incision, 9S, 285, 427 
method of immobilization, 205, 206 
Kocher-Ravel classification of septicemia, 
54 

Koumetzoff-Pensky method, 305 
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Kouwer method, 450 
Kraskc operation, (513 
Kyphoscoliosis, spinal anesthesia in, 81 

L 

Ijftbor, appendicitis immediately preced- 
ing, 510 

Laboratory findings in intestinal obstruc- 
tion, 531 

perforated peptic ulcer, 122 
Lane band, 484, 4S(5, 48S 
kink, 512 

Ijiuz point, 4GS, 469 
Laparotomy, 91-116, 251 
complication, gas gangrene infection of 
abdominal wall, 110 
complications after abdominal adhe- 
Mon», 106 

disruption of wound, 106 
foreign bodies left in abdomen, 106 
incisional hernia, 106 
infection of abdominal wall and cav- 
ity, 106 

keloids and ossification of scar, 106 
drainage of abdominal cavity in peri- 
tonitis following, 113 
early rising after, 114 
exploratory, in injury to abdomen, 184 
in gunshot wounds of liver and chest, 
311 

perforation of stomach, 189 
postoperative progressive gangrene of 
Bkin, 10S, 109 

Large intestine, carcinoma, etiology of, 
620 

Lawson-Tait incision, 284, 285 
Lead colic, 477 

Left lower para rectus incision, 98 
midrcctu« incision, 98 
longitudinal incision, 232 
paramedian inci-ions, 9S 
sided appendicitis, fill 
Lcmbert suture, 127 
Lcrda method, 80 
leukocytosis, 470 

Leucocytosis, high, in liver abscess, 335 
Levin duodenal tube, 541, 544 
Levine tube, 131, 153 
Ligament, cysto-duodenocolic, 652 
gastro-colic, 241 
gastrosplenic, 457 
Poupart’s, 503 
suspensory, 652 
Ligaments, 646 
broad, 652 
coronary, 269 


ligaments — cont. 
hepatoduodenal, 269 
peritoneal, 651 
sagittal falciform, 269 
Ligature of bleeding vessels in liver 
trauma, 304 

Limb, prognosis of, in gas gangrene, 59 
Liver abscesses, 335-346 
general signs, 335-337 
perforating into free peritoneal cav- 
ity, 659 

hubplirenic abscess, 339-346 
suppurative pylephlebitis, 337 
tropical nb«ce&ses, 338 
acute insufficiency following decom- 
pression, 423 

and bile ducts, indications for surgerv 
of, 260 

choice of operation, 269 
drainage of, 289 
urgent surgery of, 26 9-431 
gallbladder, pre- and postoperative 
treatment, 419 
edema of, 419 

precautionary measures, 421 
coagulation, pathology of. 421 ; 
surgical, 421 
apoplexia, 292 

bed, stone perforating into, 371 
bile ducts nnd gallbladder, injtines to, 
291 

by blunt force, 291 , clinical signs 
of, 293; mechanism of, 291; 
open, 292 
circulation in, 294 

differential diagnosis between shock 
and injury, 293 
special signs of, 294 
bile in serum and urine, 295; 
hemorrhage, 294; pain, 294; 
x-ray examination in, 296 
blood vessels and lymphatics of, 272 
enlargement of, 335 
gunshot wounds of, 310 
exposure of, 311 
procedure in, 31 1 
hydatid diseases of, 346-352 
incisions for operating on, 2S4 
infarction of, 299 
injuries, indications of, 299-302 

decision to operate in, 299, 302; 
hemorrhage in, 302; infec- 
tion in, 302; mortality in, 301 
pathological development and se- 
quels, 296 

cholaskos, 297; embolism of liver 
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tissue, 290, eye symptoms, 
' 5 99 ; hemorrhage, 296 
hepatorenal syndrome, 299 
infection of liver, 299 
wound, 298 

lung complications, 299 
permanent biic fistula, 295 
wider exposure for, 2S9, 290 
ligaments of, 271 
position of, 270 

relationship to gallbladder, 273 274 
removal of foreign body, 313 
rupture of, 297, 437 
reinfusion of blood collected in ab- 
dominal cavity, 310 
sue and form, 270, 271 
Riir D tcal anatomy of, 269-272 
suture, 304 

tissue, embolism of, 299 
transdiaphragmatic approach to, 291 
transpleural expo® lire of, in gun«hot 
wound, 312 

trauma, packing in, 30S 
technic of remot al of, 309 
wounds of, 52 
infection of, 29$ 

Lobar pneumonia, 91 
Lobe of Spkdius 65 
Local anesthesia, 74 
by infiltration, SO 

Loco-regional anesthesia, technic of, 79 
Loewi test, 124 
Longitudinal incisions, OS 
Loop, gastric, 646 
duodenal, 610 
terminal, 647 
umbilical, 646 
vitelline, 640 
I^ireta operation, 220 
Luer syringe. 34 
Luetic perforations, 659 
Lung complications in liver injuries, 299 
hemorrhage from, transfusion in, 20 
Lymphadenitis, acute mesenteric, con- 
fused with acute appendicitis, 505 
differential diagnosis of, 505 
symptoms in, 505 
treatment of, 505 

Lyrophangiectasis treated by splenec- 
tomy, 446 

Lymphatic vessels, 2S2 

M 

McBuroev incision, 98, 4S0-482, 510 
514, 515 


McBurney incision — cont. 

(McArthur) incision, 97 
point, 356, 3SS, 468, 469 
McFnddcn’s p> lorus forceps, 220 
McLanahan method of testing patency of 
pyloru* after Ramstedt operation, 
224 

Malaria, 91 

Malarial spleen, spontaneous Tupturc of, 
I3S 

Malrotation of intestines, 556-591 
Management of appendicular abscess, 
501 

diffuse peritonitis 500 
spreading peritonitis, 500 
Marsupialization, 260 
Murtrloff-Burget clamp, 563 
Marwedcl incision, 290 
Mask, Esmarch, 69 
Ombrddanne, 6S 
open, 69 

Mastoiditis with liver abscess, 339 
Mattress suture, 249 
of liver, 306, 30S 
Mayo type tube, 66 
Mayo-Rob«on incision. 255 
(Korte) incision, 95 
Mayo's oropharyngeal tube, 69 
pyloric vein, 284 
vein, 119 

Mechanics of circulatorv failure 
cardiac failure, 42 
lo«s of circulating fluid, 42 
peripheral, 42 

Meckel’s diverticulum. 150, 475. 575, 
556, 591-595, 655, 657 
mortality rate, 595 
pathology of, 591 
symptoms of, 592 
treatment of, 593 
inflamed, and intussusception, 599 
ulcerated, differentiation from bleed 
ing peptic ulcer, 151 
pouch, 592 

Mediastinum, posterior, tumors of, 229 
Medical versus surgical treatment of 
bleeding peptic ulcer, 159 
Medications after abdominal operation, 
56S 

pieoperative, in intestinal obstruction, 
551 

Medullary adenocarcinoma of colon, 620 
carcinoma of stomach, 1 65 
Megacolon, 573 
Melena in intussusception, 59S 
Mental stupor stage of narcosis, 63 
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Mesenteric thrombosis, 660 
and embolism, 576 
vein, thrombosis, causes of, 613 
vessels, occlusion of, 600-619 
surgical anatomy of, 609 
Mesenteries, 646, 61S-650 
Mesentery, continuous mesentery, 647 
cysts, 260 

mesoduodenum, 647 
posterior mesogastriuin, 647 
umbilical, 647 
vitelline, 647 

hemorrhage from tears of, 52 
of ileum, 650 
jejunum, 650 
transverse, 650 
Mesoappendix, 497 
Mesoduodenum, 647 
Metaplasia of intra-ductal cells may pro- 
duce obstruction of ducts, 252 
Metastascs in perforation of carcinoma- 
tous stomach, 165 
Methods, Bardenheuer, 454, 455 
Billroth modification, 143 
Billroth I, 143 
Billroth II, 143, 147, 148 
Cellan-Jones, 127, 132, 133 
Corning-Bier, 74 
Dawbarn, 464, 492, 495 
Depage, 231 
Dogliotti, 74, 83 
Esmarch Schimmclbusch, 68 
Gernezmodification of Witzel's, 229, 230 
Goetzc’s 330 
Janeway, 231 
Kocher, 205, 200 
Kouwer, 450 
Kousnetzoff-l’ensky, 305 
lerda, 80 
McLanahan, 224 
Monks’, 483, 484 
Moynihan, 329 
of blood transfusion, 21 
of opening abdomen, 101, 102, 103 
open, in hydatid disease, 349 
closed, 349 

injection of formalin, 350 
paraffin plumb, 343 
Parker-Kerr, 143, 145 
plastic, after Walton-Moynihan, 318 
Polyan, 144, 146-148 
of partial gastrectomy, 156 
Rankin, 633 
Reclus-Braun, 74 
Rydygier, 451, 453 
sodium citrate, 25 


Methods — cont. 

Spivack’s, 229, 231, 232, 239, 240 
tubovalvular, 231, 239, 210 
Stamms’, 229-232, 241 
Tuffier, 453 
Voelcker’s, 325-32S 
Walton’s, 32S, 329 
Wangensteen 500, 670 
Witzcl, 229, 230, 501, GG7 
Woelfier-Socin, 135, 145, 148 
Middie colic artery, 610 
Midline local anesthesia, 75 
Mikulicz exteriorization technic, 632-633 
1st stage, 632 
2nd stage, 632 
3rd stage, 632 
4 th stage, 632, 633 
operation, 633 

tampon, 30S, 309, 310, 342, 669 
Mikulicz-Kausch incision, 97, 100 
Miles operation, 634 
Millcr-Abbott tube, 543, 545, 550 
Minor superficial capsular rupture of 
spleen, 433 

Monks’ method, 483, 4S4 
Mortality, causes of, in perforated gastric 
ulcer, 131 
in appendicitis, 516 
bleeding gastric ulcer, 159 
congenital atresia, 585 
diverticulitis, 641 
gas gangrene, 59, 60 
intestinal obstruction, 577 
intussusception, 602 
malrotation of intestines, 586, 591 
perforated carcinomatous ulcer, 166 
peptic ulcer, 125 

traumatic injuries of rectum, 643 
rate in Meckel’s diverticulum, 595 
phlegmonous gastritis, 169 
trichobezoars and phytobezoars, 174 
risk, 386 

Morris point, 468, 469 
Mosquito forceps, 221 
Moynihan method, 329 
Mucoclasis, 418 
of gallbladder, 382, 383 
Mucous surfaces, anesthesia of, 79 
Multiple perforations of peptic ulcer, 120 
Murphy method of location of cecum in 
appendicitis, 483 
Muscle, external oblique, 91 
internal oblique, 04 
rectus abdominis, 94 
formation of sheaths of, 94 
right rectus abdominis, rupture of, 476 
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M\v»cle — cortt. 

spasm in injury to pancreas, 245 
transversus abdominis, 01, 14S 
Muscular relaxation, 02 
Musculus erector trunei, 509 

N 

Narcosis, accidents caused by, 65 
cardiovascular, 65 
heart, arrest of, at beginning of, 65 
in advanced stage of, 65 
direct, massage of, 66 
intracardiac injection in, 65 
respiratory accidents, 66 
paralysis, 07 
Narcilenc narcosis, 70 
Narcosis by inhalation, 65 
general pathophysiology of, 63 
intravenous (cmlo-vcnous), 72 
per tectum, 71 

reaction of patient in first stage of, 63 
second stage of, 04 
third stage of, 64 
awakening stage of, 64 
“security margin" of, 63 
stage of awakening, 04 
stages of, 63-65 
mental stupor, 63 
motor excitation, 63, 64 
muscular relaxation, 63, 64 
return or period of awakening, 63 
technic of, OS-73 
inhalation, CS 

cyclopropane, 71, ether, 78, 69; 
ethyl-chloride, 69; ethylene. 
70; methods, 68; naredene, 
70; narcotic mixtures and 
mixed narcosis. 71; nitrogen 
oxide, 70; open mask, 69 
"useful interval” in, 63 
with ether oil, 71 
Nnrcotene, 73 

Narcotic mixtures and mixed narcosis, 71 
Narcotics in urgent surgery , 62 
Nausea in injury to pancreas, 245 
symptom in perforation of peptic ulcer, 
121 

Nerve and blood supply of anterior ab- 
dominal wall, 05 
block anesthesia, 75-78, SO 
of Latarjet, 657 

Nervous plexuses, large, anesthesia of, 80 
system, action of nartocit on, 63 
Neurogenic shock, 43 
Nitrous oxide narcosis, 70 
Novocain anesthesia, 75, 77, 78 


0 

Obesity in colon carcinoma, 624 
Oblique abdominal incisions, 97 
Obstruction, acute, of common duct in 
infection, 390-429 
gallbladder, clinical signs of, 363 
intestinal, 519-578 
of common duct, 2G0 
by stone, 261 

Obstructive resection, Rankin method, 
technic, 633 
1st stage, 033 
2nd stage, 633 
3rd stage, 633 

type of diverticulum of duodenum, 193 
Obturation obstruction, 570 
due to gallstones, 570 
Occlusion of mesenteric arteries, external 
pressure, G13 
vessels, 609-619 

chronic group, symptoms in, 616, 
617 

clinical manifestations of, 615 
acute, 615; chronic, 615; latent. 
Cl 5; acute group, symptoms: 
collapse, 616; constipation, 
obstipation, diarrhea, 615, 
distension of abdomen, 616, 
free fluid, 016; hematemesis, 
filG; internal hemorrhage, 61 6, 
leukocytosis. 616; melena, 
G15, pain, 615; rapid pulse, 
61 6; rigidity, G10; shock, 616, 
temperature, subnormal, 616; 
vomiting, 615 
etiology incidence, 612 
age, 612; race, 612; sex, 612 
high embolism in, 614 
historical note, 609 
low type of em bobs, 614 
inflammatory changes in, GI3 
latent group, diagnosis, 617 
differential diagnosis, 617; symp- 
toms, 017, 618; treatment, 
61 S 

pathology of 

external pressure, 612; embolism 
and thrombosis, 612; inflam- 
matory or degenerative 
changes in wall of vessels 
which occlude lumen, 612; 
trauma, 012 
symptoms of, 615 
trauma in, 613-614 
Ochsner forcep9, 633 
Oddi's sphincter, spasm of, 063 
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Ombr&lanne music, 6S 
Omenta, 64G 
Omentum, 655 

closure with, in perforated ga«tric ul- 
cer, 128 

gastro-colic, 256, 051 
gastro-hepatic, 256, 051 
gastrospleno-pancreatic, 05 1 
great, 651 
anatomy of, 651 
definition of, 651 
small, anatomy of, 651 
torsion of, 476 
Open mask narcosis, 69 
method of inserting cannula into vein, 
32, 33 

wounds of spleen, 43S 
Operation, Hoffmeister-yiniterer /Modifi- 
cation of Polya operation, 147 
Kraske, 613 
Lorctn, 220 
Mikulicz, 633 
Miles, 634 
Polya, 147 

ltamstedt, 220-222, 224, 220 
type of, in perforated ulcer, 126 
Operative risk reduced by elcctrosurgicnl 
operation, 380 
Organic theory, 41 
Ossification of scars, 113 
Ovarian affections, 91 
Ovary, carcinoma of, 567 

P 

Tain after liver rupture, 294 
in gastric diverticula, 175 
injury to pancreas, 246 
intussusception, 598 
liver abscess, 335 
perforation of peptic ulcer, 121 
intermittent cramps, in complete ob- 
struction of small intestine, 527 
Palpation in intestinal obstruction, 530 
of abdomen in intussusception, 5 OS 
Pancreas, 245-267 
abscess of, 258 
cause of, 259 
adenoma of, 265 
anatomy of, 244 
carcinoma of, 264 
due to deficiency of vitamin K, 264 
bead, results in obstruction of com- 
mon duct, 265 
hemorrhage from, 53, 245 
injury of, clinical manifestations in. 

245 


Pancreas — cord, 
complications 

acute pancreatitis, 244; pseudo- 
cyst, 244 

peritonitis following, 245 
intestinal obstruction secondary to le- 
sions about, 264 
lesions of 
contusions, 244 
lacerations, 244 
perforations, 244 
location of, 244 
miscellaneous lesions of, 264 
relation of common bile duct to, 279 
suture of, 249 
trauma of, 244 
glycosuria in, 251 
p^eudocysts fallowing, 251 
treatment in, 246 
trypsi nogen of, 245 
Pancreatic asthenia, 258 
cysts, 258, 259 
differential diagnosis, 261 
management of, 263 
treatment of, 262 
fistula, 250 

hepatic syndrome, 25S 
pseudocysts, rupture of, 262 
type of diverticulum of duodenum, 193 
Pancreatitis, acute, 124, 244 251 408, 
437, 474, 666 

accompanied by gallbladder disease, 
252 

blood amylase level m, 246 
diagnosis of, 251 
differential diagnosis of, 251 
edematous, 252 

clinical manifestations in, 252; 
treatment of, 254 

gallbladder disease important factor 
in, 251 

hemorrhagic, 252, 264 
treatment of, 254 
manifestations of, 253 
necrotic, 252 
pathogenesis in, 251 
secondary to trauma of pancreas, 
252 

surgical treatment, 256-257 
cholecystectomy, 257 ; cholecys- 
tostomy, 257 ; choledochos- 
tomy, 257; simple drain- 
age, 256 

clinical manifestations in, 252 
differential diagnosis of, 255 
hemorrhagic, 252 
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Pa ncreatith — coni. 
interstitial, 252 
treatment of, 254 
necrotic, manifestation! of, 253 
operative treatment of, 255 
postoperative treatment, 25S 
preoperative treatment of, 255 
theory of reflex of bile as primary etio- 
logical factor, 252 
l’antocain anesthesia, 7G, 78 
Pantopan, 72 
Papilla, dilatation of, 397 
obstructed stones in, operations for, 
402 

retroduodenal method, 402 
of common duct, 279 
Papillectomy, retroduodenal, 403 
Papillomatous carcinoma of colon, 620 
Paquclin cautery, 00 
Paraffin Plumb method, 343 
Paralysis, respiratory, 67 
temporary, of phrenic nerve, 290 
Paralytic ileus, 515, 575 
Paravertebral nncsthesia, 74 
Parenchyma of gland, pancreatic juice in, 
252 

Parenchymal rupture with perisplenic 
hematoma, 434 
Parher-TCerr method, 143, 145 
Pathological classification of intestinal 
obstruction, 520 

Pathophysiology, general, of narcosis, 63 
Payr clamp, 145, 140 
Pedicle, splenic, torsion of, 432 
Pelvic peritoneum, 652 
Pelvis, compartments of, 654 
Penicillin, 25S, 259 
in gas gangrene, 60 
septicemia, 56 

Penrose drain, 130, 202, 250, 503, 504, 
510 

Peptic ulcer See Jkcr, Peptic 
Percain anesthesia, 76, 77, 78 
Percy tube, 23 
Perforated appendicitis, 66S 
gastric ulcer, 1 2S 
simple closure of, 127 
peptic ulcer, 437 

viscus, diagnosis from volvulus of 
stomach, 182 

Perforations due to trauma of abdomen, 
663 

treatment, 663 
typhoid fever, 65S 
gastroduodenal, 663 
diagnosis, 664 


Perforations— eonf. 

differential diagnosis, GG I 
gastroduodenal — coni. 

treatment, G01 
hepatobiliary, G59 
in burns of stomach, 189 
luetic, C59 
prognoris of, 659 
masked, 057 

of carcinomatous stomach 163-1C6 
complication of, 1G5 
diagnosis of, 163 
fulminating, 163 
mortality in, 1GG 
pathology of, 165 
silent, 1G4 
site of, 165 
treatment of, 165 
common bile duct, 66S 
diverticulum, 193 
gallbladder, G59 
neoplasm, 65S 
peptic ulcer, 117-14S 
site of, 1 20 

duodenal perforation, 120; gastric 
perforation, 120; multiple 
perforations, 120; re-perfora- 
tions, 120 

produced by intestinal parasites, 657 
simple ulcers, 659 
traumatic, G57 
tuberculous, 65S 

uterus due to criminal abortion, 660 
Perforative peritonitis, 645-670 
Pericarditis, 91 

Pericholecystitis 277, 364, 3SS 
Peridiverticulitis, 193 
Peridural segmentary rachianesthesia 
(Dogliotti method), S3 
technic, S3, 84 
spinal anesthesia, 74-78 
Perineal operation, technic of, GOG 
stage of operation, 639 
steps 1-3, 639 

Peripheral anesthesia, 73-S4 
general rules for, 7S 
dosage, 78, solutions, 78 
resistance in circulator}' failure, 42 
Pertioneal canty, 646, 64S 
effusion of bile into, 297 
folds producing compartments in great 
peritoneal cavity, 648 
ligaments, 651 
reflections 

coronary ligaments, 269 
falciform ligament, 269 
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Fertioneal cavity — coni. 

hepatoduodenal ligament, 269 
serosa, 615 

Peritoneum, abdominal, 64G 
innervation of, 655 
parietal, 652 
pelvic, 652 

tenderness of, in perforation of pep- 
tic ulcer, 122 
phytopathology of, 653 
study of, 645 
vascularization of, 655 
visceral, 652 
of adult, 646 
embryo, 646 
Peritonitis, 245, 441, 425 
biliary, 297, 35S, 366, 672 

without actual gallbladder perfora- 
tion, 6G8 

diffuse, management of, 500 
drainage of abdominal cavity in, 1 13 
due to perforation of female genital 
tract, 660 
gallbladder, 067 
trauma, 651 

general, in congenital pyloric stenosis, 
225 

localized, 3S8 
without perforation, 3S9 
gonococcic, 674 
etiology, 674 
pathology, 674 
p rognooii, 674 
symptomatology, 674 
treatment, 674 
in gastric hemorrhage, 53 
perforation of peptic ulcer, 121 
strangulation obstruction, 525 
non perforative, 671-676 
stages of, 671 

first, 671; second, 671; third, 672 
treatment of, 072 
perforative, 645-670 
anatomic considerations, 645 
clinical study of, 615, 661 
diagnosis, 663 

physiopathologic study of, 645 
symptomatology, 661 
treatment, 661, 663 
symptoms, 661 

nausea, 662; pain, 661, 662; rigid- 
ity, 662; shock. 662; vomit- 
ing, 662 
puerperal, 674 
prognosis, 675 
symptomatology, 674 


Peritonitis — coni, 
treatment, 67 5 

following: abortion, 674; parturi- 
tion, 674 
rheumatic, 675 
prognosis, 676 
symptomatology, 675 
treatment, 676 

spreading, management of, 500 
treatment of, 041 
syphflit/c, 675 

generalized form, G75 
localized form, 675 
symptomatology, 675 
treatment, 675 
tuberculous, 672 
abdominal distention, 672 
masse-*, 673 
age in, 672 
etiology, 672 
incidence of, 672 
pathology in, 672 
prognosis of, 673 
race of, 672 
sex in, 672 

symptomatology, 673 
tenderness, 673 
treatment, 673 
1'cyer'a patches, 658 
Pfannensticl incision, 97, 9S 
Pharmacologic action of local anesthet- 
ics, 76 

Phlegmonous gastritis, 167-170 
etiology of, 167 
incidence of, 167 
management of, 169 
pathology of, 167 
circumscribed inflammation, 167 
diffuse inflammation, 167, 16S 
prognosis of, 170 
sex ratio, 167 
symptoms of, 16S 
circumscribed, 168 
diffuse, 168 
treatment of, 169 

Phrenic nerve, temporary paralysis of, 290 
Physical and ph3'siologic3l theorj' of 
Crile, 41 

examination in intestinal obstruction, 
509-535 

Physiologic incisions, 96 
Physiology, pathological, of intestinal ob- 
struction, 522 

Physiopathologic study of perforations, 
655 

peritonitis due to perforation, 645 
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Phytobezoars, 171 
diagnosis of, 171 
prognosis of, 171 
sex ratio of, 171 
symptoms of, 171-173 
treatment of, 174 
x-ray examination for, 173 
Pitt's sign, 435, 430 

Placenta previa, transfusion in hemor- 
rhage due to, 20 
Plasma, 22 

combined with normal saline or dex- 
trose solution, 30-33 
indications for 
acute poisoning, 23 
anemia, 23 
blood dyscrasia«, 23 
burns, 23 
infections, 23 
shock, 23 

versus whole blood, 23 
Plastic operations for reconstruction in 
bile duct injury, 323 
Plexio anesthesia, 74 
Pneumonia, 437, 477, 505 
following liver injury, 200 
lobar, 91 
right side, 123 
Pneumothorax, open, 31 1 
Point 

Clado, 468, 469 
Lnnz, 468, 4G9 
McBurney, 468, 469 
Morris, 4CS, 469 
Polya method, 144, 146-148 
of partial gastrectomy, 156 
Polycystic degeneration by splenectomy. 
446 

Polyposis, 623 

Polyvalent anti-gangrenous serum, 512 
Portal vein, injuries to, 334 
surgical injuries, 334 
Position, roller’s, 516, 666 
Posterior gastroenterostomy, 134-1 36 
niesogastrium, 647 

Postoperative care in appendicitis, 514 
choleraic hemorrhage, 40S 
progressive gangrene of skin, 10S, 109 
treatment of perforated gastric ulcer. 
130 

Postural change of patient in acute 
dilatation of stomach, 162 
Potter-Buchy frame, 415 
Poupart’s ligament, 503 
Pregnancy, appendicitis in, 510 
ectopic, ruptured, 124, 437 
tubal, 475 


Preoperative and postoperative treat- 
ment in pathology of liver and gall- 
bladder, 419 

management in appendicitis, 514 
Pribram incision, 1S9, 285 
technic, 2S6-28S 
operation, 382, 383 

Prognosis of perforated peptic ulcer, 125 
age, 125 
sex, 125 

site of perforation, 125 
Progressive bacterial synergistic gan- 
grene, 108, 109 
Proteolytic reactions, 37 
Pscudocyst 244, 246, 251 
P-cudoulcerous type of diverticula of 
duodenum, 192 
Psychic shook, 42 
Puerperal peritonitis, 674 
Pulmonary complications after Ramstedt 
operation, 226 
Pyelitis, 474, 505 
Pyemia, 53, 55 
Pylephlebitis, 470 
suppurative, 337 
Pvloroctomy, 219, 220 
Pyloric stenosis, congenital, 217, 227 
Pyloroplasty, IIS 

excision of perforated ulcer with, 140 
ulcer and, 129 

extramucous, of Hcineke-MihuVic* 
type, 220 
Pylorospasm, 218 
Pylorotomy complications, 223 
acute liver insufficiency with acido«is. 
225 

alkalosis with hypochloreinia, 226 
disruption of abdominal wound, 225 
general peritonitis, 225 
hemorrhage from pyloric or gastric 
walls, 225 

opening of gastric or duodenal mucosa, 
223-225 

persistence of vomiting, 225 
pulmonary complications, 226 
syndrome of Ombrfdanne, 225 
Pyosalpinx, 660 

R 

Rami intestini tenui, 611 
Ramstedt operation, 220-222, 224, 226 
Rankin method, 633 
three-bladed clamp, 633 
Reaction, Casoni, 445 
Weinberg, 445 

Reactions, following blood transfusion, 36 
proteolytic, 37 
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Recess, left inferior, 650 
right superior, 650 

Recipient and donor, preparation of, 34 
Rcclus-Braun method, 74 
Reconstruction of bile ducts, plastic 
operation for, 323 

Rectal examination in intestinal obstruc- 
tion, 631 

intussusception, 59s 
Rectosigmoid, carcinoma of, 620 
Rectum, carcinoma of, 620 
excision of, 634 
Step 1, 636 
Step 2, 637 
Step 3, 637-638 
Steps 4-9, 63S 
Step 10, 639 
injuries of, 642 
mortality in, 643 

malformations of anus and, 603-607 
narcosis per, 71 

prolapse of, and intussusception, 599 
traumatic injuries of, 642-613 
diagnosis of, C42 
etiology of, 642 
mortality 
pathology of, 642 
symptomatology of, 642 
treatment of, 642-043 
Region, thoraco-abdominal, 651 
Regional anesthesia, 74 
block anesthesia, 80 
ileitis, 576, 657, G59 

Relation of gallbladder to transverse 
colon, CC0 
duodenum, 660 
pylorus, 660 
Renal colic, 124, 474 
ectopia, 91 

Re-perforations of peptic ulcer, 120 
Resection in intestinal obstruction, 561 
Respiration, artificial, 67 
of high oxygen concentrations, 545 
Respiratory accidents, 66 
paralysis, 67 

tract, postoperative complications of, 
423 

Retrocecal appendicitis, 50S 
Retroduodenal method of laying bare the 
papilla, 402 
papillectomy, 403 

and transduodenal choledochotomy, 
405 

Retroperitoneal hematoma, 247 
perforation, 204 
Reverdin needle, 305 
Reversed Hirsch flap, 233 


Rh factor, 37 
negative, 3S 
positive, 38 

Rheumatic peritonitis, treatment of, 676 
Ribs on left side, fracture of, 437 
Right colic artery* 610 
hemicoleotomy, 626-629 
midrectus incision (Riedell, 9S 
paramedian incisions, 9S 
upper pararectus incision, 9S 
Rigidity and tenderness in mesenteric oc- 
clusion, Cl G 

symptom in perforation of peptic ulcer, 
121 

Ringer's solution, 47, 255 
Rising, early, 115 
immediate, 115 
Risk, mortality. 3S6 
operative, 3SG 
Rovsing’s sign, 4G9, 506 
Rubber tube suture technic, 320 
Rudimental vasa aberrantia, 278 
Rudimentary gallbladders, 278 
Rupture of anterior gastric wall, 656 
appendix, 660 
corpus luteum, 473 

hepatic abscess into free peritoneal 
cavity, 659 

hydatid cyst, operation in, 350 
liver, 437 

musculus rectus, 91 
posterior gastric vail, 056 
right rectus abdominis mu'-tle, 476 
urinary bladder, GCO 
tubo-ovarian abscess, 060 
traumatic, 657 

Ruptured ectopic pregnancy, 437 
graafian follicle, 473, 474 
kidney, 437 

Rydygier's method, 451, 453 
S 

Sac of Dougins, 652 

Saline, normal, combined with blood, 
plasma or serum, 30-33 
Salpingitis, acute, 473 
Santorini's duct, 197, 199, 202 
Sapremia, 53 

Sarcoma of small bowel, 658 
prognosis, 65S 
symptoms of, 658 
Scanncl), apparatus, 33, 34 
Scars, keloids of, 113 
ossification of, 113 
Schiassi method of splenopexy, 456 
Schleich’8 narcotic mixture, 71 
Scirrhus carcinoma of colon, 620 
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Sedimentation test, 471 
Septicemia, 53-57, 305 
definition or, 34 
etiology of, 51 
symptom* of, 55 
treatment of, 50 
Seromuscular incision, 235 
pur-c-string suture, 127 
seromuscular suture, 230 
Rero-serosa suture, 137 
Lembcrt, 127 

Serotherapy in appendicitis 512 
Scrum, anticoli-bacillus, 512 
Bacillus funduliformi*, 512 
fusiformis, 512 
ramosus, 512 

combined with normal saline or dex- 
trose solution, 30-33 
enterococci, 512 
polyvalent antigangrennu*. 512 
Staphylococcus parvulus, 512 
Streptococci, 612 
Weinberg’s antipcntonitic, 512 
Sex ratio in phlegmonous gastritis 107 
Shock, 41-47 
bradycardia, 295 
definition of, 41 
due to fat embolism, 41 
hyperactivity of sympatheticO-adrenal 
system, 41 
etiology of, 43 
fat embolism in, 41 
in injury to liver, 293, 294 
neurogenic, 43 
psychic, 42 

surgical, deficient adrenalin in blood 
stream, 41 
theories of, 41-43 
symptomatology, 44 
treated with adrenal cortical extrart, 
41 

treatment of , 4b 

in abdominal injury, 302 
Sigmoid, carcinoma of, 620 
Sigmoiditis, 659 
Sign, Balance’s, 435-437 
Bastedo's, 469 
Blutnberg’s, 1SS, 469 
Kehr’s, 437, 443 
Kerangal’s, 509 
Pitt’s, 435, 436 
Rovsing’s, 469, 506 
Situs viscerum inversus partialK 51 1 
totalis, 511 

Skin coloring with administration of 
anesthetics, 64 


Skin coloring — coni. 
postoperative progressive gangrene of, 
10S, 109 

Slight parenchymal contusion of spleen, 
433 

Small bowel obstruction, chronic, 537 
colostomy for, 547; enterostomy 
for, 547 

simple ulcers of, 655 
intestine, complete (acute) obstruction 
of, 527 

effects of distention in obstruction 
of, 523 

partial (chronic) obstruction of, 52b 
stenosis of, 579 

Sodium bicarbonate solution, 5 
citrate method, 25 
evipnn narcosis, 73 
Solutions, acacia, 5 
glucose, 5 

for loco-regional anesthe-ia. 7K 

nnestlie'ia of mucous surfaces (con- 
tact anesthesia), 79 
nerve block anesthesia, 7b 
peridural anesthesia, 7.S 
plexus anesthesia, 7.S 
spinal subarachnoid anesthesia, 7S 
Hartmann’s, G, 255 
hypertonic solution of glucose, 5 
normal salt, 4 
Ringer’s, 255 
sodium bicarbonate, 5 
Space of Retzius, f»43 
Sphincter of Oddi, 252, 279 2S3, 39$ 
Spinal anesthesia Sec Anexlhain 
ID kyphoscoliosis, SI 
postoperative complications, S3 
Spine, Spix, SO 
Spivack clamp, 304 
method, 232, 241 

for permanent gastrostomies, 241 
temporary gastrn-toiwes of long 
duration, 241 
rule, 4S6, 4S$ 

tubovalvular gastro«toniv. 190, 233, 
234, 239, 240 
Spix spine, SO 
Splanchnic anesthesia, 241 
Spleen, abscess of, 432, 442—444 
etiology of, 442 
pathology of, 442 
sub pleural, 447 
symptomatology, acute, 443 
chronic, 443; subacute, 443 
transpleural approach, Stage I. Step 
1 , Step 2, Step 3, 447 
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Spleen — coni. 

Stage II: Step 1, Step 2, 447 
treatment of, splenectomy, 443 
splenotomy, 443 
chronic torsion, 441 
conditions which demand urgent inter- 
ference 

absce-s of spleen, 432 
cysts of spleen, 432 
injuries of spleen, 432 
torsion of ‘■picnic pedicle, 439 
contusion of, 432 
course of injury, 437 
cysts of, 432 
diagnosis of, 445 
enucleation of, 44G 
frequency of, 444 
nonparasitic 

hemorrhagic, 444; lymphatic, 
444; serous, 444 
operative technic, 44C 
left midrectus incision, 440; left 
midrectus with addition of 
transverse incision, 447; left 
subcostal incMon, 44 G 
parasitic 

echinococcal, 444; non-parasitic, 
444 

symptomatology of, 444 
symptoms, obstructive, 444 

circulatory disturbance*, 445; 
digestive disturbances, 444; 
dyspnea, 445 
treatment of, 440 
excision of cyst, 446; incision and 
drainage, 446; splenectomy, 
446 

ectopy, 440 
hematoma 

complete absorption, 434 
encystment, 434 

rupture of capsule ensuing hemor- 
rhage, 434 

suppuration of hematoma, 434 
injuries of, 432 
age in, 433 
diagnosis of, 437 
incidence of, 433 
preoperative management, 437 
symptoms 

blood pressure and pulse pressure, 
435; dyspnea, 435; hemor- 
rhage, 430; pain, 435; per- 
cussion, 435; pulse, rapid, 
435; shock, 435; temperature, 
435; tenderness and rigidity 


Spleen — coni. 

of abdominal muscles, 435 
traumatic, 432 
treatment 

splenectomy, 437; suture, 437; 
tamponade, 437 

malarial, spontaneous rupture of, 438 
normal, spontaneous rupture, 438 
open wounds of, 438 
gunshot, stabbing variety, 43S 
isolated type, 438 
operations 

splenectomy, 439; splenorrhaphy, 
439; tamponade, 439 
symptomatology, 439 
treatment, 439 
parasitic cyst, 445 
primary injury 

capsular and parenchymal rupture 
with perisplenic hematoma, 434 
minor superficial capsular rupture of 
slight parenchymal contusion, 
433 

subcapsular hematoma without rup- 
ture of capsule, 433 
pathology of, 433 
rupture of, 432 
differential diagnosis 

contusion of abdominal wall, 437 ; 
fracture of ribs on left side, 
437; perforated peptic ulcer, 
437 

spontaneous rupture of, 438 
in typhoid fever, 43S 
subacute torsion of, 441 
subcutaneous injuries, 432-43% 
surgical intervention, 439 
symptomatology of, 434 
torsion of, sympatomatology, 440 
acute, 440; chronic, 440; subacute, 
440 

treatment of, 441 
splenectomy, 441; splenopexy, 441 
traumatic injuries of, subcutaneous, 
open wounds, 432 
urgent surgery of, 432-461 
wandering, 439 

Splenectomy, 439, 442, 45S, 467 
postoperative care, 250 
technic of, 458-460 

Splenic anemia, differentiation from 
bleeding peptic ulcer, 1 50 
pedicle, diagnosis, 441 
torsion of, etiology of, 439 

Splenocleisis, 456 
method, 456 
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Splcnomagalia, 2C1 
Splenopexy, 447, 440-457 
methods, Bardenheuer, 454, 455 
Kouwer, 450 
Rydygier, 451, 452 
Schiaasi, 450 
Tuffier, 453 
Splenoptosis, 439 
acquired, 439 
congenital, 439 
Splenorrhaphy, 437, 439, 450 
technic, 449 
Splenotomy, 447-449 
abdominal, 444 
definition of, 448 
for cyst, 4!S 
indications for, 44S 
posterior approach, 444 
transplcural-transdiapliragmatic route, 
444 

Spontaneous rupture of mal&riat spleen, 
438 

normal spleen, 438 
spleen in typhoid fever, 438 
Sprengel incision, 97 
Squamous carcinoma of colon, 020 
Stab wounds, 244 
Stamm, method, 229-232, 241 
Staphylococcus pan-ulus. 512 
Steatorrhea, 259 

Stenosis of colon, prognosis of, 579 
small intestine. 579 
prognosis of. 579 
stomach, 187, 18S 
Stool in congenital atresia, 580 
Stovaine ancstheria, 78 
Stomach, acute dilatation of, 161, 426 
symptoms of, 1G1 
treatment of, 1G2 

decompression of stomach, 162; 
drugs in, 1G2; postural change 
of patient, 1G2; venoclyMS 
102 

x-ray examination for, 161 
and duodenum, urgent surgery of, 117- 
216 

burns of, 186-190 

carcinomatous, perforation of, 163-166 
complication of, 1 65 
diagnosis of, 1 63 
fulminating perforation, 163 
mortality in, 166 
pathology of, 165 
silent perforation, 164 
site of, 165 
treatment of, 165 


Stomach — coni. 
colloid carcinomas of, 202 
decompression of, in acute dilatation, 
162 

divulsion of, 220 
foreign bodies in, 171-174 
hemorrhage from, 52 
injuries and wounds of, 184-190 
direct injury to, 1 84 
gunshot wounds of, 1S4 
penetrating instruments, 1S4 
subcutaneous rupture of, 185 
marsupialization of, 169 
or duodenum, partial obstruction of, 
173 

perforation of, from burns of, 189 
small, fubovalvular method of gastros- 
tomy, 239, 240 
stenosis of, 187, 18S 
strictures of, 187 

subcutaneous rupture of, 184- 1S6 
volvulus of, 178-183 
Strangulation obstruction of intestines, 
525-529 

intussusception and, 526 
peritonitis in, 525, 529 
Streptococci eerura, 512 
Strictures and tumors of bowel wall, 569 
Subacute torrion, 441 
Subarachnoid hemorrhage, 91 
spinal anesthesia, 75, 76. 78 
Subarachnoidal rachianestheria, SI 
Subcapsular hematoma without rupture 
of capsule of spleen, 433 
Subcutaneous anesthesia, 75 
injuries, etiology, 432 
rupture of spleen, 43S 
stomach, 184-lSG 
diagnosis of, ISC 
incidence of, 185 
pathogenesis of, 185 
pathology of, 1S5 
complete, 185; incomplete, 185 
treatment of, 1S6 

Subdiaphragmatic abscess, 345, 470 
Subphrenic abscess 339-346 
clinical symptoms, 340 
treatment of, 341 
anterior approach, 345 
transabdominal approach, 344 
posterior approach, 346 
results of operation, 346 
transthoracic and transdiaphragmat- 
ic approach, 344 
two-stage operation, 343 
Subperitoneal pelvic space, 652 
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Sulfa drugs in gas gangrene, 60 
septicemia, 56 

Superior mesenteric arteries, 609 
Suppurative pylephlebitis, 337 
clinical signs, 337 
etiology of, 337 
pathological findings, 337 
treatment of, 337 
technic of, 33S 
Supra midlinc incisions, 9S 
Surgery, early rising after 
acute appendicitis, 115 
chronic appendicitis, 115 
epigastric hernia, 115 
gastro-enterostomy, 115 
hysterectomy, 115 
inguinal hernia, 115 
ovarian cyst, 1 15 
ruptured ectopic pregnancy, 115 
in hemorrhage, indications and contra- 
indications in, 50 

shock indication or contraindication in, 
46 

Surgical methods in perforated peptic 
ulcer, evaluation of, 120—129 

causes of death, 131; closure with 
omentum, 128; complications, 
131; drainage, 130^ excision 
of ulcer and pyloroplasty, 
129; partial gastrectomy, 129; 
postoperative treatment, 130; 
simple closure, 126-129; sim- 
ple closure with gastroenter- 
ostomy, 129 

risks, obese patients, 624 
shock, theories of, 41-43 
Andrews, Edmund, 42 
Cannon , 42 
CriJe, 41 
Freeman, 41 
Henderson, 41 
Porter, 41 
Swingle, 41 

technic, operative, in perforated gastric 
ulcer, 131-158 

Billroth II and its modifications, 143 
excision with pyloroplasty, 140 
partial gastrectomy, 142 
simple closure, 131—134 

with gastroenterostomy, 134 
treatment, of bleeding gastric ulcer, 154 
Suspensory ligament of liver, 652 
Suture, Connell, 633 
continuous through -and- through, 237 
vertical mattress, 104 
interrupted, 106, 249 


Suture — coni, 
liver, 304 

loose continuous, 105 

mattress, 249, 306, 308 

of pancreas, 249 

serous layers of gallbladder, 3S3 

vesical peritoneum to promontory, 637 

peritoneal, 105 

primary, technic of, in acute obstruc- 
tion of common duct, 394 
purse-string, 195, 493, 495 
‘■ero-mu«cuIar purse-string, 127 
sero-muscular, 137, 145, 236 
scro-serosa, 137, 140 
terhnic of injuries to bile duct 1 :, 319- 
323 

over rubber tube, 320-323 
tension, 104, 105 
through-and-througb, 140 
traction, 1.05, 106 
vertical mattress, 100 
Symptomatic npjicndicitis in supposed/} 
congenital absence of appendix, 511 
Symptomatology of perforated peptic 
ulcer, 120 

Syndrome, Ombrddannc, 225 
pancrcatioo-hcpatie, 25S 
Syphilitic peritonitis, 675 
Syringe, two-way, 369 

T 

Tabes dorsalis, 91, 124 
Tamponade, 439 

Tapping, diagnostic, in livery surgery, 
295 

Technic of 

closed-clamp, 625 
collecting blood, 25 
opening and closure by transverse in- 
cision, 98 

preparation of donor and recipient, 34 
transfusion of modified blood (sodium 
citrate method), 25 
Winniwarter’s, 205-208 
Temperature in perforation of peptic 
ulcer, 121 

Tenderness and rigidity in mesenteric 
occlusion, 616 

symptom in perforation of peptic ulcer, 

121 

Tension sutures, 104 
Terminal loop, 647 
mesentery, 647 
Test, amylase, 255 
blood amylase, 255 
Loewi, 124 
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Tot — cont. 

sedimentation, •! 7 1 

urobilinogen, 4 IS 
Widal’s, 477 
Thermocautery, S6 

Thoraco-abcJominal operation for gun- 
shot pounds technic of, 311-315 
Thoracotomy in gunshot wound* of liver 
and chest, 311 
Thrombosis, 42S 
mesenteric, 475, 570 
treatment of, 42S 
venous, primary, 613 
secondary, 013 
Torsion, chronic, 441 
subacute, 441 
of omentum, 476 
pedicle, 436 

of si%ht ovarian, cyst, 475 
splenic pedicle, 432, 440 
Toxemic theory of Cannon, 42 
Toxihactcremia, 54 
Toxinhcmia, 54 
Tracheal intubation, 67 
obstruction, 68 
Traction diverticulum, 176 
sutures, 105 

Tramdiaphragmatic approach to liver, 
291 

Transduodenal and rctroduodenal chole- 
docliotorny, 405 
choledocbotomy, 404 
Transfusion, blood, 17 
method, Baxter, 25 
of unmodified blood by Scannell ap- 
paratus, 33 

using Scannell apparatus, 35 
Trajisfusovac, 25-27 
Transmission of disease 
influenza, 38 
malaria, 3S 
measles, 3S 
relapsing fever, 3S 
smallpox, 3S 

Transverse abdominal incision, 97 
incision, 96 
mesocolon, 650 

Trauma, external, shock in, 45 
Traumatic appendicitis, 512 
injuries of rectum, 642-643 
perforations, 657 
rupture, 657 

of duodenum, 203-208 
diagnosis of, 204; etiology of, 203, 
mortality in, 208; pathogene- 
sis of, 203; symptoms of, 203, 


Traumatic appendicitis— cont. 

intrapcritoncal injury, 201, 
retroperitoneal perforation, 
2Q4; treatment of, 205 
Treatment of perforated peptic ulcer, 126 
Trendelenburg’s operation for pulmo- 
nary embolism, 334 
position, S2 

Trendclenburg-X6laton position follow- 
ing spinal anesthesia, S2 
Trichobezoar*, I7i 
diagnosis of, 174 
etiology of, 171 
prognosis of, 174 
sex ratio of, 171 
symptoms of, 171-173 
treatment or, 174 
x-ray examination for, 173 
Trigonum of Petit, 509 
Troncular anesthesia, 74 
Tropical abscesses, 33S 
mastoiditis, 339 
surgical procedure, 339 
treatment of, 338 
Tropocaine anesthesia, 78 
Trotter’s series, 615, 616 
Triplocaine anesthesia, 78 
Trypsinogen, 245 
T-tube, CCS 

Tubal pregnancy immediately before 
rupture, 475 

ruptured, transfusion in hemorrhage 
due to, 20 

Tube, Ivi rapt on-Brown, 23 
Mayo oropharyngeal, 69 
Percy, 23 
Wangensteen, 250 
Tuberculosis, hyperplastic, 623 
Tuberculous perforations in terminal por- 
tion of ileum at region of Peycr’s 
p 3 tches, 60S 

perforations, prognosis of, 059 
peritonitis, 672 

Tubovfllvular gastrostomy, 233 
Tuffier method, 453 
Tularemia, 91 

Tumors and strictures of hovel wall, 569 
benign, differentiation from bleeding 
peptic ulcer, 150 
Tutocain anesthesia, 78 
Twisted ovarian cyst, 441 
Typhoid fever, 576 

perforations due to, 658 
spontaneous rupture of spleen in, 
438 

perforations, 666 
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Typhoid fever — coni, 
complications in, 660 
prognosis of, 6G7 
symptoms of, 666 
treatment of, 666 
operative, 666; preoperative, 660 

U 

Ulcer, duodenal, 473 
excision of, and pyloroplasty, 129 
gastric, excision of, 154 
peptic, acute, perforation of, 317-143 
age incidence, 119 
anesthesia in, 125 
bncteriologic examination in, 120 
bleeding, 149-160 
diagnosis of, 123, 149, 150 
etiology of, IIS 
exciting causes of, 1 19 
history of, 117 
laboratory findings in, 122 
mortality of, 159 
occupational variations in, 119 
operative surgical technic, 126-148 
pathologyof, 129 
perforation of, 120, 437 

carcinomatous, 165; duodenal, 
441; gastric, 128, 132, 441, 
473; repair of, 665 
prognosis in, 125 
race in, 1 19 

seasonal variations in, 119 
sex incidence of, 118 
symptomatology of, 120 
treatment of, 126, 161-154 
medical, 152; surgical, 154-159 
Ulceration or neoplasm of small bowel, 
151 

Ulcerative carcinoma of stomach, 165 
Ulcers of peptic origin, G55 
Umbilical loop, 646 
mesentery, 647 
Undulant fever, 91 
Ureteral stones, 91 
Urtne, bile in, in rupture of liver, 295 
Urobilinogen test, 418 
Uterus, ruptured, 20 

V 

Vaccines and sera in septicemia, 56 
Vacoliters, 8, 9, 10 
Vacutrol donor set, 20 
valve, 27 

Vaginal examination in intestinal ob- 
struction, 531 
Valve, formation of, 232 


Vasa recti, Oil 
Vein, internal, saphenous, 14 
portal, entrance for metastatic ab- 
scesses, 336 
portal, injuries to, 334 
selection of, for intravenous therapy, 11 
Venipuncture, 12, 13 
internal saphenous vein in a child med 
for, 14 

technic of, 15 

Vcnoclysis, 3-17. See aho I ntraunous In- 
fusion 

in acute dilatation of stomach, 162 
Vertical mattress suture, 100 
Vessels, bleeding, ligature of, 304 
mesenteric, occlusion of, G09-619 
Visceral peritoneum of adult, 646 
embryo, 646 

Vitamin K, 264, 421, 422 
Vitelline duct, 647 
loop, 646 
mesentery, 647 
Voelcker’s method, 325-32S 
Volvulus, 574 

mesenterio-axialis, 178, 179 
of stomach, 17S-183 
morbid anatomy of, 178 
partial, 178; total, 17h 
mesenterio-axialis, 178 
organo-axialis, 17S 

anterior infracolicus, 178, ISO; 
diagnosis of, 182, differential, 
182; etiology of, 181, partial, 
179-181, 183, posterior in- 
fracolicus, 178, 1SI , surgical 
technic, 183; symptoms of, 
182; therapy of, 183; total, 
181, 183 

Vomiting in, complete obstruction of 
small intestine, 527 
in gastric diverticula, 176 
in injury to pancreas, 245 
symptom in perforation of peptic ul- 
cer, 121 

Vomitus in intussusception, 598 

persistence of, in congenital pyloric 
stenosis, 225 

symptom in congenital pyloric stenosis, 
218 

malrotation of intestines, 589 

W 

Walton-Moynihan plastic method, 318 
Walton’s method, 328, 329 
Wandering spleen, 439 
Wangensteen method, 500, 670 
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Wangensteen method — cont. 
modification of Levin duodenal tube, 
54!, 544, 545 
auction, 260, 205 
tube, 250 

Wangensteen-Rice technic, 000 
Wassermann test, 30 
Weak ne"*, extreme, in injury to pan- 
creas, 245 

Weight, lo»s of, 022 
Weinberg reaction, 443 
Weinberg’s anti-pcritanitic serum, 512 
Wclcli bacillus, 57 
Whole blood iersi<« p!a«ma, 23 
Widal’s test, 477 
Winniwarter’s technic, 205-20S 
Wiring's dnet, 193, 197, 199, 202, 40^ 
obstruction of, 193 
Witzel canal, 323 
method, 501, 667 

Woelfler-Socm method, 135. 145, 145 
Worms, obstructing ma«s of, 573 
Wounds, abdominal, care of, 507 

disruption of, in congenital p>- 
loric stenosis, 225 
and injuries of stomach, 184-100 
che-t-livcr penetrating shot, 313 
closed, hemorrhage in, 48 
deeply lacerated, and gas gangrene, 57 
disruption of, 106, 225 
after operation. 97 
drainage in, 107 
infection in, 107 


Wounds — coni. 

symptomatology of, 107 
treatment of, 107, 108 
gunshot, 244 

and stab, mortality in, 301 
of chest and liver, 310 
thoraco-abdominal operation for, 
311-315 

through abdomen, 297 
liver, infection of, 298 
of liver, shell-shot. 293 
open, hemorrhage in, 48 
stab, 244, 292 

Wulfing’s narcotic mixture, 71 

X 

X-ray examination for acute dilatation 
of stomach, 161 
bezoar*, 173 

diverticula of duodenum, 192, 194 
foreign bodies in duodenum, 209 
gastric diverticula, 175, 177 
in carcinoma of duodenum. 199 
congenital atresia, 5S1 
gas gangrene, 5S 
intestinal obstruction, 532-535 
intussusception, 598 
liver injury, 29C 
malrotation of intestines, 589 
Meckel's diverticulum, 593 
perforated peptic ulcer, 122 
perforation of carcinomatous stomach. 
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